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(54) Tone generating device and noethod using a time stretch/compression control technique 



(57) A pitch of a tone to be generated is designated, 
and simuHaneousty control Informatkxi to be used for 
time-axis stretch/conpression control is generated. Dis- 
crete tocations of waveform data to be read out from 
memory are designated with the time axis of the wave- 
form data controlled to be stretched or compressed in 
accordance with the control informatkxi. and part of the 
wavetonn data at the designated locations are read out 



at a rate conresponding to the designated pitch. For 
example, virtual read addresses (VAO) corresponding 
to the control information and actual read addresses 
(RAD) conesponding to the designated pitch are gener- 
ated, and the actual read addresses are controlled, at 
the incfivtiuaJ dmaete locatkxis. to foltow the virtual 
addressee. 
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Oescilption 

The present invention relates to a tone generating 
device and method for peribrmtng control to optionally 
stretch or compress a time-axis length (reproducing 
time length) of tone waveform data in whole or in part 
independently of pitch control of the waveform data, to 
thereby enhance expression and controllability of the 
tone in the time-axis direction. The present Invention is 
applicable extensively as a tone generating device arxJ 
method tor not only electronic musical instruments but 
also various other tone or sound generating instruments 
such as game machines, personal computers and vari- 
ous multimedia equipment. 

In the conventionally-known tone generators based 
on the waveform memory reading method (PCM or 
Pulse Code Modulation method) which are used in elec- 
tronic musical instruments and the like, a pitch of each 
tone waveform to be generated have been controlled by 
adjusting the rate of the waveform data readout from a 
waveform memory. More specifically, when sequentially 
reading out ttie waveform data with read addresses 
generated by accumulating so-called T numbers" (fre- 
quency numbers which are constants proportional to a 
tone pitch frequency), the pitch can be controlled to 
become higher by increasing the value of the F number 
and beconw fower by decreasing the value of the F 
number. In this case, when a set of waveform data of 
limited quantity Is - read out tiie tone-reproducing or 
tone^enerating time length of the waveform data would 
undesirable vary depending on the readout rate of the 
wavefonn data (waveform samples). Namely, the tone- 
generating time length would become shorter as the 
pitch becomes higher. Thus, the conventional PCM tone 
generators were not satisfactory in that it coukJ not per- 
form control to freely stretch or confess the time 
length, i.a. tone^^enerating time length of the waveform 
data to be read out from the waveform memory, inde- 
pendentfy of the pitch. 

Further, with these PCM tone generator^ :t 
been conventional to control three different tonal fac- 
tors: pitch; volume; and cofor (or timbre), when a user 
desires to irrpart particular eKpressfon to a tone to be 
generated (which will be sometimes referred to as "to- 
be-generated tone") by applying some modification to 
the waveform read out from the memory rather than 
merely generating the read^ wavefonrn directly as a 
tone. For the tone pitch, a pitch modulation effect such 
asavixalo or attack pitch, is inrpartad by modulating 
the wavefonn data readout rate as necessary. For the 
tone volume, a tremofo effect or the Ito is irrpcrted by 
imparting a volume amptrtude envelopei based on a 
given envetope waveform, to the read-out waveform 
data or by periodk:ally modulating the volume amplitude 
of the read-out waveform data. Further, for the tone 
cofor, suitable tone color control is performed by sub- 
jecting the read-out waveform data to a f itering process. 
As noted above, the known tone controlling technique 



tor imparting expression to a to-be-generated tone com- 
prises performing some corrtrol on the three major tonal 
factors: pitch; volume; and color. However, there has 
never been proposed so far an idea of controlling wave- 

5 form data of a to-be-generated tone along the time-axis 
to tfiereby irrpart expression to the to-be-generated 
tone tor enhanced tonal expression and controllability. 

Further, quality of natural instrument tones can not 
be easily approximated by the above-mentioned exter- 

10 nal control of the three tonal factors in the PCM tone 
generator: variatfon of the readout rate: control of the 
volume amplitude of the read output; and filtering of ttie 
tone color. Thus, to enhance the quality of tones gener- 
ated by ttie PCM tone generator, it has been conven- 

is tional to prestore in the wavetorm memory plural-cycle 
waveforms with various modulation effects, such as a 
vibrato and tremofo, previously irrparted thereto so that 
tones having these modulation effects can be gener- 
ated, with as good quality as ttiat of natural instrument 

20 tones, by just reading out the staed wavefam& How- 
9^er.in the case where the wavetorm data of tones hav- 
ing modulation effects imparted thereto are read out 
from the memory, the modulating cycle and modulating 
time wouU undesirable vary as the waveform data data 

25 readout rate is changed; that is. the modulating cyde. 
modulating time. ete. ooufo not be controfled independ- 
entiy of the waveform data readout rate. i.e. tone pitch. 

Further, although the PCM tone generators can 
prestore. in the waveform memory, high-quality wave- 

30 fomn data con^esponc^ to desired tonal effects and 
characteristics by sampling them directiy from a natural 
musfoal instrument they preset the problem in that if 
they are read out with the pitch controlled (i a, with the 
readout rate varied), the time axis of a generated tone 

3S woukj vary in response to the varied readout rata Such 
adisadvantage may be avofoed by preventing variation 
of the readout rate, but where a miitiplfoity of pitches 
are to be reproduced precisely in cents as in the case of 
musical instrunient tones, an extremely ^eat memory 

40 capacity woufo be required if a multiplfoity of sorts (sets) 
of plural-cyde waveform data having varfous effects 
imparted thereto are prestored for each of the pitches. 
Thus, this approach is very impractical. 

Fitfther, in the fieU of voice processing, the 

45 PtCOLA method is cun'sntty known as one of the 
speech speed concerting techniques. For exanrple. 
when applied to a situatfon where waveform blocks A. B. 
CD and £ for ffve wave cycles are read out in the men- 
tioned order at a predetermined reproducing sampfing 

50 frequency to output a vofoe waveform, the PtCOlA 
method may use. for the first cyde. a waveform 
obtained by adcfing together a wavefonn for facfing out 
btock A and another waveform for facfing in block B and 
ttien output bfocto C, D and E for the second to fourth 

55 cydes. In this way. without varying the predetermined 
reprodudng sanplihg frequency, th" PICOLA method 
can output the waveform, aigirudly having a total time 
length of five cydes. with the time axis compressed to 
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just fbur cydes. When applied to another srtuatton 
where wavelbmi blocks A. B and C for thre cydee are 
read out in the mentioned order at a predetermined 
reprodudng sarrpling frequency to output a voice wave- 
form and if time-length expansion or stretch is desired. 5 
the PICOLA method may use block A for the first cyd . 
then use. for the second cycle, a waveform obtained by 
adding together a wavelbnn for fading out bkx:k A and 
another wavefam tor fading in bkxk B. and then output 
blocks B and C for ^e third and fourth cydes. In this 10 
way. without varying the predetermined reproducing 
sarrpling frequency, the PICOLA method can output the 
waveform, originally having a total time length of three 
cycles, with the time length expanded or stretched to 
four cycles. However, this speech speed converting is 
technique can merely read out the recorded voice signal 
at the predetermined reprodudng sampling frequency 
and is never intended for variably reading the voice sig- 
nal at an optional pitch (tone pitch). In other words, the 
conventional technique provides no countermeasures 20 
or solution to the above-mentioned problem. 

As set forth above, the conventional waveform- 
memory-based tone generators for electronic musical 
instruments have the problem that the time length of the 
read-out waveform data is invariably determined 25 
depending on the recKjout rate and hence can not be 
stretched and compressed freely. Further, the conven- 
tional voice processing technology is in no way intended 
for predse pitch control in cents, and it is difficult to 
app^ such voice processing technofogy directly to the 30 
waveform-memory tone generators. 

It is therefore an ofaiect of the present invention to 
provide a technique stitably applicable to a tone gener- 
ator based on waveform data readout from a waveform 
memory, which can periorm optional variable control of 38 
the data readout rate (pHch) and also peribrm control for 
optionally stretching and compressing the wavefonm 
data along a time axis independently of the readout 
rata 

It is another object of the present invention to pro- 40 
vide a technique siitably applicable to a tone generator 
based on wavefonm data readout from a waveform 
memory, which can impart expression to a tone to be 
generated and significBntty enhance expression and 
controllability of the tone with a single structuerequir- 45 
ing no substantial increase in memory capacrtyp by just 
introdudng, as one ton control factor, control for stretch- 
ing and compressing the waveform data in the time axis 
direction. 

It is stiD another object of the present ffivention to so 
provide a device and method surtabty applicable to a 
case where high-quafity wavefonti data of a plural<yde 
wavefomi corresponding to an optional performance 
style are stored in a waveform memory so that a tone is 
reproduced by reading out the stored waveform data, ss 
which can variably control a waveform data readout rate 
to reproduce a tone at a desired pitch so as to allow th 
same stored waveform data to be shared for a piurafity 



of different tone pitches and thereby allow the memory 
capacity to be substantially saved and which also per- 
forms contrd for stretching and conpressing readout 
locations of the waveform data along a time axis inde- 
pendentiy of the contrd of the waveform data readout 
rate to theretsy provide a time-axis control parameter as 
an additional tone control parameter for the optional 
performance style, thus achieving suitat)le tone genera- 
tion and tone control for the optional performance style 
with enhanced expression and oontrollabilrty that have 
never been achieved to date. The waveform data con-e- 
sponding to an optional performance style to stored in 
the waveform memory may indude those with modula- 
tion, such as a vibrato or tremofo. imparted thereto, 
those with pitch modulation, such as a pitch bend, 
imparted thereto, and those wHh transient pitch fluctua- 
tion, such as a transient tone or ornament, trrparted 
thereta 

It is still another object of the present invention to 
provide a device and method suitably applicable to a 
case where waveform data of a pluraN:yde waveform 
are stored in a waveform memory so that a tone is 
reproduced by reading out the stored waveform data, 
which can variably control a waveform data readout rate 
to reproduce a tone at a desired pitch so as to altow the 
same stored waveform data to be shared for a plurality 
of drfforent tone prtches and thereby aUow the memory 
capacity to be substantia^ saved and which also per- 
fonns contrd for stretching and compressing readout 
locations of a desired portfon (whole or part) of the 
waveform data atong a time axis independently of the 
control of the waveform data readout rate to thereby 
optionally control a tone-reprodudng or tone-generating 
time length of the desa'Sd portfon. thus achieving a vari- 
ety of variations of a tone waveform so as to achieve 
tone generation and tone control with enhanced expres- 
sion and controllability that have never been acNeved to 
data 

Namely, the present invention seeto to prc^nde a 
dwfoe and method which can freely perform variable 
control of a tone^ienerating time length of a rising por- 
tion, faling portion a the like of a tone so as to achieve 
a variety of variations of a tone waveform and tone gen- 
eration and tone control with enhanced ei^ession and 
controllability th^ have never been achieved to data 

It is still another object of the present invention to 
prx^e a tone generating devfoe and method which can 
variably contrd a total time length of a tD^>e-generated 
tone by time axis control of waveform data to thereby 
freely contrd a tona^^erating time length in conform- 
ity with a note length or the lika 

It is still another object of the present invention to 
provide atone generating do^ and method whfoh can 
selecttvely generate a time-axis stretching/compressing 
control parameter of a time-varying characteristfo in 
accordance with infbrmation designating a tone odor or 
ttie like, so as to achiwe a variety of variations of a tone 
waveform corresponding to the designated tone color or 
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the tike and thereby create, through the time axis con- 
trol, a variety of waveform variations from same wave- 
form data of one plural-cycle \^efbrm. 

It is stilt another object of the present invention to 
provide a device and method suitably applicable to a 
case where waveform data of a same waveform portion 
are read out in a repetitive -or looped manner from a 
waveform memory, which achieves a variety of varia- 
tions of a tone waveform and can carry out tone gener- 
ation and tone control with nx>notonousness due to the 
looped readout effectively eliminated, tay performing 
control for stretching and oonpressing readout loca- 
tions of a desired portion of the wavefoon data along a 
time axis to thereby optionally control a tone-generating 
time length of the desired portion. 

It is still another object of the present invention to 
provide a devfoe and method which achieves a variety 
of variations of a tone waveform, by perfbrnrung control 
for stretching and conpressing readout locations of a 
desired portion as well as a repetitively read-out portion, 
of waveform data along a time axis to thereby impart 
positive control, such as a swing, to a tone to be gener- 
ated. 

it is still another object of the present Invention to 
provide a tone generating device and method which, 
even in the course of reproduction of a tone wavelbrm, 
can preform oontrol for stretching and compressing 
wavefbnn datd along a time axis in real-time response 
to dynamically changvig ratios of compression and 
stretch along the time axis. 

It is still another object of the present invention to 
provide a tone generating device and method which, in 
performing control for stretching and compressing read- 
out locations of waveform data along a time axis, 
achieve tinDe-axis stretch and compression control pro- 
viding for a smooth waveform variation throuf^ aosa- 
fade synthesis. 

It is yet another object of the present invention to 
provide various inprovements in aoss-fade synthesis 
of waveform data in relation to the foregoing. 

According to a first aspect of the present invention, 
there is provided a tone generating device which com- 
prises: a waveform memory having stored tiiereff) wave- 
form data of a wavefonn of a plurality of cycles: a 
designatffig section that designatee a pitch of a tone 
tone be generated; a control informatfon generating 
section that generates control inform a tion specifying. In 
a time function, an ad^ess tocation of the wavefomi 
data to be read out f^ the waveform memory; an 
address generating section that generates a read 
address advancing at a rate correspon di ng to the pitch 
designated by the designating section; a control unit 
that makes a comparison between the adcfress location 
specif ted by the control information and a tocation of the 
read address generated by the address gwerating sec- 
tion and controls shifting of the read address in accofd- 
ance with a result of th conparmon; and a section that 
reads out the waveform data on the basis of the read 



address controlled by the control unit. 

The control infonmatfon generated by the cortrol 
information generating section specifies, in a time func- 
tion, an address tocation of the waveform data to be 

5 read out from the waveform memory. Read address pro- 
gressing or advancing rat (i.e.. read address varying or 
advancing slope) is designated by a read address gen- 
erated by the address generating section. Comparison 
is made. t3y the control unit, between the address loca- 

10 tion specified by the control infonmation (a sort of target 
or virtual readout tocation) and the location of the read 
address generated by the address generating section 
(i.e.. an actual readout tocation), and the control unit 
shifts the read address in accordance with ttie oompari- 

15 son result This way. the read address advancing rate 
(i.a. read address varying or advancing stops) is con- 
trolled in correspondence with the desired pitch of the 
tone to be generated, and relationship between the rea- 
dout tocation of the waveform data and the time is con- 
ay trolled by the control information. As a result the 
waveform data corresponding to the desired pitch tone 
can be read out from ttie waveform memory with the 
data freely stretched or compressed along the time axis 
in accordance with the control information independ- 

2S er% of oontrol of the readout rate O e., pitch cor^ of 
the tone to be generated). 

In the prde^er! -^nbodlments of the present inven- 
tion to be set fbrth hereinafter, the control information, 
specifying an address tocation of the waveform data to 

30 be read out from the waveform menrx)ry. is presented as 
a virtual read adcfress, while the read adcfress advanc- 
ing at a rate corecpondng to a designated pitch is pre- 
sented as an actual read address. 

Preferably, the waveform data stored in the wave- 

35 form memory are divided into a plurality of data divi- 
sions and managed in such a manner that respective 
first wavefonn data of the data divistons generally coin- 
ckto with each other in phases and when a dWerence 
between the address tocation speciHed tsy the control 

40 information anj me location of the read address gener- 
ated bf the address generating section has exceeded a 
predetermined value, the control unit shifts the read 
address by an amount corresponding to one or more of 
the data divisions. When readout tocations of the wave- 

49 form data are stretched or compressed along the time 
axis, there would odcur some discontinuity in the read- 
out kDcations. However, with the aoangement that the 
read address by an amount corespondkig to one or 
more of the data divistons, a smooth waveform intercon- 

50 nection or interiinMng is achieved even in the case 
where disaete waveform segments are interconnected 
t>y the stretch or Gompresston. 

In another preferred implementation, there is also 
provkied a cross-fading section whtoh, when the read 
55 address is to be shifted by the oontrol unit performs 
aoss-tade synthesis between the waveform read out 
from the Mvsform memory on the bests of the read 
address generated before the shift and the waveform 
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read out from the waveform memory on the basis of the 
read address generated after th shift Also in this case, 
a snrx)oth waveform interconnection or link Is achieved 
even in the case where dsaete waveform segments 
are interconnected t)y stretching or compressing the 5 
readout locations of the waveform data along th time 
axis. 

The present invention also provides a method of 
generating a tone on the basis of readout from a wave- 
form memory having stored therein waveform data of a w 
plural-cyde waveform, which conprises: a step of des- 
ignating a pitch of a tone to be generated: a step of gen- 
erating control information: a control step of 
designating, in response to passage of time, discrete 
locations of the waveform data to be read out from ttie is 
waveform memory with a time axis of the waveform data 
controlled to be stretched or compressed in accordance 
with the control information: and a step of reading out 
from the waveform menx>ry the waveform data at the 
locations designated by the control step at a rate con-e- 20 
sponding to the pitch designated by the step of desig- 
nating. This way, , a tone is generated which has the 
designated p(tch and mveform data of a characteristic 
controlled to be stretched or compre ss ed along a time 
axis in accordance with the control information. 25 

The control step designates, in response to pas- 
sage of time, disaete locations of the wav^brm data to 
be read out from the waveform memory and controls the 
designated discrete locations to be stretched or conv 
pressed along the time axis in accordance wHh the gen- so 
erated control information, ^4amely. the locations, of ttie 
waveform data to be read out from the waveform mem- 
ory, designated by the control step do not necessarily 
have to be sequerrtially designated, for every addirese of 
the memory, as in normal readout of waveform data 39 
samples, and may be designated discretely at appropri- 
ate speced-apart points or over an appropriate section 
or range. During the designation of the discrete loca- 
tions of the waveform data to be read out from the wave- 
form memory, sequential readout of the indMdual 40 
wavefomi data sanples from the designated tocations, 
i.e. designation of actual read addressee in the wave- 
form memoryiscaniedoutbythereadinostepatarate 
corresponding to the designated pilch. Thus, the wave- 
form data are read out firom the deeigneted locations, at 49 
appropriate spaced-epart points or over an appropriate 
section or ranga of the waveform memory, at the rate 
conresponding to the designated pitch. This way; the 
pitch of the read-out waveform data is controlled in 
accordance with the designated pitch, while the loca- so 
tions of the waveform data to be read out from the wave- 
form memory are designated with its time-axis 
controlled to be stretched or conprdssed in accordance 
with the control information independentiy of the read- 
out rate (pitch control). As a consequence, the time-axis ss 
locations of the waveform data to be read out from the 
waveform memory can be optionafly controlled to be 
stretched or compressed independentiy 61 the readout 



rate (pitch controO- Here, in order to not impair the 
impression of the pitch of the read-out waveform and 
the tone color characteristic of one cyde of til read-out 
waveform, it is preferable that the above-mentioned 
spaced-apart points or the appropriate section or range 
be set to cover at least one cyde of the waveform data. 

Further, a machine-readable recording medium in 
accordance with the present invention corttains a com- 
puter program for executing the above-mentioned tone 
generating method. 

According to another aspect of the present inven- 
tion, there is provided a tone generating device which 
conprises: a waveform memory having stored ttierein 
waveform data of a wavefonn of a plurality of cycles, the 
waveform data having a modulation effect imparted 
thereto: a designating section that designates a pitch of 
a tone tone be generated: a section that generates con- 
b-ol information to control a time axis of modulation: a 
corrtrol urtit that designates, in response to passage of 
time, dscrete locations of the waveform data to be read 
out from the waveform memory wHh a time axis of the 
waveform data controlled, by the control unit to be 
stretched or compressed in accordance with the control 
information control unit; and a readout section that 
reads out from the waveform merrxjry the waveform 
data at the tocations designated by the control unit at a 
rate con-esponding to the pitch designated by the desig- 
nating section. 

High-quality waveform data of a pliral-cyde wave- 
fonn having modulation, such as a vforato or tremoto. 
imparted thereto are staed in the wavefomi memory 
As the waveform data are read out for generation of a 
tone, the readout rate is variably oontroiled to reproduce 
the tone at a desired pitch, which allows the stored 
waveform data to be shared for a plurality of different 
tone pitches and thereby allow the memory capacity to 
be substantiaOy saved. Also, as the waveform data are 
read out for generation of a tone, control is performed 
for stretching and compress^ readout locations of the 
waveform data along a time axis independentiy of the 
control ol the waveform data readout rate, which 
achiMS tone generation and tone control with 
enhanced expression and controflabirity that have never 
been achieved to data 

According to stil another aspect of the present 
invention, there'is provided a tone generating device 
which comprises: a waveform memory having stored 
therein Mveform data of a plural-cyde waveform: a 
designating section that desi^iates a pitch of a tone to 
be generated: a section that generates control informa- 
tion in correspondence with a predetermined portion of 
the waveform data to be repetitively read out from ttie 
waveform memory; a control unit that designates, in 
response to passage of time, disaete locations of the 
waveform data to be read out firom the wavefomi mem- 
ory with a time axis of the waveform data controlled, by 
the control urtit to be stretched or compressed in 
accordance witti the control rtormation; and a readout 
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section that reads out the waveform memory from the 
waveform memory at a rate corresponding to th prtch 
designated by the designating section, wherein when 
the predetermined portion is to be read out repetitively, 
the readout section reads out the waveform data at the 5 
locations designated by the control unit at the rate cor- 
responding to the designated pitch. 

in the case where the waveform data of a same 
waveform portion are read out in a repetitive or looped 
manner from the waveform memory, the tone generat- 10 
Ing device achieves a variety of variations of the tone 
waveform and can can^ out tone generation and tone 
control with monotonousness due to the looped readout 
effectively eliminated, by performing control for stretch- 
ing and compressing readout locations of a desired por- 15 
tion of the waveform data along die time axis to thereby 
optionally comrol a tone-reproductng or tone-generating 
time length of the desired portion. 

Accading to still another aspect of the present 
invention, there is provided a tone generating device 20 
which comprises: a waveform memory having staed 
therein wavefonm data of a plirat-cyde waveform: a 
pitch designating section that designates a pitch of a 
tone to be generated; a section tiiat generates control 
information varying with time: a control unit that desig- 25 
nates, over tinr)e. discrete locations of the waveform 
data to be read out from the waveform memory with a 
time axis of the waveform data controlled, by tiie control 
unit, to be stretched a compressed in accordance with 
the control information: and a readout section ttiat reads 30 
out from the waveform memory the waveform data at 
the locations designated by the control unit at a rate cor- 
responding to the pttch designated by the pitch desig- 
nating section. 

Tliis arrangement achiem a variety of variations of 35 
a tone waveform, by, in accordance with the time-vary- 
ing control information (such as a swing waveform), per- 
forming control for stretching arxJ corrpressing readout 
locations of the Mveform data along the time axis to 
thereby positively impart time-varying deficate control. 4o 
such as a swing, to the tone to be generated. 

According to still another aspect of the present 
invention, there is provided a tone generating device 
which comprises: a waveform memory having staed 
therein wavefonm data of a plurahcyde waveform hav- 45 
ing a tonal characteristic variation irrparted thereto over 
a predetermined period based a predetermined style of 
performance; a pitch designating section that desig- 
nates a pitch of a tone to be generated; a section that 
generates control infomiation to control a tone generat- so 
ing period based on the predetermined style of perform- 
ance: a control unit that designates, in response to 
passage of time, discrete locations of the waveform 
data to be read out from the waveform memory with a 
time axm of the waveform data controlled, by the control ss 
unit, to be sti-etched or compressed in accordance with 
the control informaticxY; and a readout section that reads 
out firom tiie waveform memory ttie waveform data at 



the locations designated by the control unit at a rate cor- 
responding to the pitch designated by the pitch desig- 
nating section. 

When applied to the case where waveform data of 
a plural-cyde waveform corresponding to a predeter- 
mined performance style, such as those with transient 
pftoh modulation like a pitch bend, those with a slur, or 
those with transient pitch fluctuation tike a transient tone 
or onnan)ent are stored in a waveform memory so that 
a tone is reproduced by reading out the stored wave- 
form data, the preserrt invention can generate the tone 
based on the predetermined perfamance style with 
high quality, and also can perform control for stretching 
and compressing readout locations of ttie wavefam 
data afong the time axis independentiy of the control of 
the waveform data readout rate (pitch control of the gen- 
erated tone), using less capacity of the memory capac- 
ity. Thus, the present invention can provide a time-axis 
control parameter as an additional tone control parame- 
ter for ttie optional performance style, ttiereby achieving 
suitable tone generation and tone control for ttte prede- 
termined performance style witti enhanced eiqpression 
and controllabflrty ttiat have nem been achieved to 
data In ttiis case, ttie transient tonal characteristic vari- 
ation imparted to ttie waveform data stored in ttie mem- 
ory may be ottier ttian ttie pitch variation like a bend, 
such as ttiat of tone cotor or tone volume. 

As another Implementation of ttie above-mentioned 
transient wavefomi control, ttie present invention pro- 
vides a tone generating device whfoh comprises: a 
waveform memory having stored ttierein first waveform 
data representative of a first waveform, second wave- 
form data representative of a second wavefomi, and 
ttiird waveform data of a plural-cyde ttiird waveform 
having a tonal characteristic variation imparted ttiereto 
to interconnect the first waveform and ttie second wave- 
form: a pitch designating section ttiat designates a pitch 
of a tone to be generated; a section ttiat, when a trans- 
fer from ttie first waveform to ttie second waveform is 
instructed, peribrme control such ttiat ttie first waveform 
and ttie second waveform are read out with ttie ttiird 
waveform inserted ttierebetween; a section ttiat gener- 
ates control infomiation to control a time over whfoh ttie 
ttiird waveform is to be used: a control unit ttiat destg- 
natee, in response to passage of t^ discrete foca- 
tions of at least partof ttie ttiffd wavefonn to be read out 
from ttie Mveform memory wrtti a time axis of ttie tttird 
waveform data controlled, by ttie control Lffvt to be 
stretched or compressed in accordance witti ttie control 
information; and a readout section ttiat reads out ttie 
waveform data from ttie waveform memory at a rate cor- 
responding to ttie pitch designated by ttie pitch desig- 
nating section, wherein the ttiird waveform data are to 
be read out ttie readout section reads out ttie ttiird 
waveform data at ttie tocations designated by ttie con- 
trol unit at ttie rate con^esponding to ttie designated 
pitch. 

The present Invention also provides a tone generat- 
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ing device which conprises: a waveform memory hav- 
ing stored therein waveform data of a plural<yde 
waveform: a pitch designating section that designates a 
pitch of a tone to be generated; a section that generates 
control information in corresporxlence with a predeter- 5 
mined partial tone generating period; a control unit that 
designates, in response. to passag of time, discret 
locations of the waveform data to be read out from the 
waveform menrwry with a time axis of the waveform data 
controlled, by the control unit to be stretched or conv w 
pressed in accordance with the control information: and 
a readout section that reads out from the waveform 
memory the waveform data at the locations designated 
tsy the control unit at a rate corresponding to the pitch 
designated by the pitch designating section. 75 

By peffornrting the control for stretching and com- 
pressing readout locations in a desired portion (whole . 
or part) of the waveform data along the time axis inde- 
pendently of the control of the waveform data readout 
rate (pitch control of the generated tone) to thereby 20 
optionally control a tone-reproducing or tone-generating 
time length of the desired portion, the present invention 
achieves a variety of variations of a tone waveform so 
as to permit tone generation and tone control with 
enhanced expression and controllabilrtytfiat have never 25 
been achieved to date For axanrple, seledirig a ris- 
ing portion, falling portion or the like of a generated tone 
as the predetermined partial tone generating period, the 
present invention achieves a variety of variations of a 
tone waveform can execute tone generation and tone 30 
control with enhanced expression and contrdlabtfity. 
Also, by using control information to variably control the 
entire time length of the generated tone, the present 
invention can freely control the tone generating time 
length, independently of the pitch, in conformity to a 
designated note length or the lika 

According to still another aspect of the present 
invention, there is provided a tone generating device 
which comprises: a waveform memory having staed 
therein waveform data of a pliral-cyde we/er>m; a 40 
pitch designating section that designates a pitch of a 
tone to be generated: a color designating section that 
designates a color of the tone to be generated; a section 
that generates control in for ma tion voying in a manner 
c orresponding to the color designated by the color dee- 45 
ignating sectioa in response to passage of tinrve from a 
toneijeneration starling point; a control unit that desig- 
nates, in response to passage of t^ <£screte loca- 
tions of the wevefbrm data to be read out from the 
wavefonn memory with a time axis of the waveform data so 
controaed. by the control unit, to be stretched or com- 
pressed in accordance vvith the control infonnation; and 
a readout section that reads out from the waveform 
memory pliral cydes of the waveform data oon'espond- 
ing to the designated color at a rate corresponding to 55 
the pitch designated by the pitch designating section, 
wherein the readout section reads out the wavefomfi 
data at the locations designated by the control unit at 



the rate coresponding to the designated pitch. Here, 
the waveform data of a plural-cycle waveform stored in 
the waveform memory is shared for at least two different 
colors and the control Information for the at least two dif- 
ferent colors Is arranged In dfferent manners. 

By selectively generating time-axis stretching/com- 
pressing control information of a time-varying dwacter- 
istic in accordance with Information designating a tone 
color or the like, the present invention achieves a variety 
of variations of a tone waveform corresporxjing to the 
designated tone color or the lika and thereby create, 
through the time axis control, a variety of waveform var- 
iations from waveform data of just one plural-cyde 
wavefornfi 

According to still another aspect of the present 
invention, there is provided a tone generating device 
which comprises: a waveform menrKyy having stored 
therein wavefonn data of a plural-cyde waveform: a 
pitch designating section that designates a pitch of a 
tone to be generated; a section that generates control 
information in real time during generation of a tone; a 
control unit ttmt designates, in response to passage of 
time, discrete tocations of the wavefonn data to be read 
out from the waveform memory with a tinrre asds of the 
waveform data controlled, by the control unit to be 
stretched or compre ss ed in accordance with the control 
information: and a readout section that reads out from 
the waveform memory the waveform data at the foca- 
tions designated by the control unit at a rate con-e- 
spondng to the pitch designated by the pitch 
designating section. 

With this anrangement even \n the course of repro- 
duction of a tone waveform, the present invention per- 
forms the control for stretching and oonpresslng 
waveform data afong the time axis in reel-time response 
to dynamicaity changing control information and can 
thereby enhance signifkantiy performance expressfon. 

According to stil another aspect of the present 
invention, there is provided a tone generating device 
which comprises: a waveform memory having stored 
therein plural different sets of waveform data of plural- 
cyde wavefonns: a pitch designating section that desig- 
nates a pitch of a tone to be generated: a waveform des- 
ignating section that designates any one of the sets of 
waveform data, the waveform designating section 
sequentially swikhing the designated set to another 
one of the sets in response to passage of time: a section 
that generates control information; a control unit that 
designates. In response to passage of time, disaete 
tocations of the set of wavefonn data, designated by the 
waveform designating section, to be read out from the 
waveform memory with a time axis of the set of wave- 
form data contrdled, by the contrd unit to be stretched 
or conpressed in accordance with the control informa- 
tion; and a readout section that reads out from the 
waveform memory the waveform data at the tocations 
designated by the control itfvt at a rate con^esponding to 
the pitch designated by the pitch designating section. 



7 



13 



EP0856 830A1 



14 



Thus, the present invention can perform tone con- 
trol in an even further diversified manner on the basis of 
the time axis stretch/compression of the waveform data. 

According to stiil another aspect of the present 
invention, there is provided a tone generating device s 
which comprises: a wavefam generating section that 
generates waveform data in Iwo channels: a waveform 
designating section that designates waveform data to 
be generated in a first one of the two channels of the 
waveform generating section and waveform data to be 10 
generated in a second one of the two channels of the 
waveform generating section; a aoss-fade synthesis 
section that executes cross-fade synthesis such that a 
transfer occurs from the wavefam data generated in the 
first channel to the waveform data generated In the sec- is 
ond channel: a first control section that sequentially 
instructs the wavefam generating section to generate 
additional waveform data having an optional length and 
controls the aoss-fade synthesis section to execute the 
cross-fade synthesis fa a period corresponding to the 20 
length of the additional wavefam data: and a second 
control section that after corrpletion of the cross-fade 
synthesis by the cross-fade synthesis section, controls 
designation by the wavefonn designating section in 
such a manner that the wavefam data having been so 25 
far generated in the seoond channel are generated in 
the first channel and the adcfitional wavefam data are 
generated in the second channel. 

In the case where waveform data to be cross-faded 
sequentially change, the present invention can fix the so 
cross-fading (fading-in and fading-out) direction in each 
of the first and second channels so that a transfer 
always occurs from the waveform data of the first chan- 
nel to the wavefonn data of the second channel. WHh 
this an-angement it is possible to fix a functional wave- 38 
form of aoss-fadng coeff ictent fa each of the channels 
and thereby faciiitate formation of the functional wave- 
fam. 

According to stBI another aspect of the present 
invention, there is provided a tone generating device 4o 
which comprises: a wavefam memory having staed 
therein wav^bon data of a plwal-cyde wavefam; a 
pitch designating section that designates a pitch of a 
tone to be generated; a wavefam designating section 
that designates, in response to passage of tinm cte- 45 
aete locations of the waveform data to be read out from 
the wavefonn memory with a time axis of the waveform 
data controUed to be stretched a conrivessed. so as to 
identify first wavefonn data at cun-ently designated loca- 
tions and second waveform data at locations foOowing 50 
the currentiy designated locations; a readout section 
that reads out from the wavefam memory, the first and 
second waveform data designated by the waveform 
designating section, to output the first and second 
wavefonn data through first and second channels, 59 
respectively: a aoss^fade syrthesis section that always 
executes cross-fade synthesis such that a transfa 
occurs from the first wavefonn data supplied through 



the first channel to the second wavefam data supplied 
through ttie second channel; a control unit that after 
completion of the cross-fade synthesis by the cross- 
fade synthesis section, controls designation by the 
waveform designating section in such a manner that ttie 
wavefam data having been so far generated in the sec- 
ond channel are generated In the first channel and 
wavefam data at new locations controlled to be 
stretched a conpressed relative to the locations of the 
second wavefam data are generated in the second 
channel. 

With this arrangement in performing the time-axis 
stretch/compression control of the readout locations of 
tiie wavefam data the present invention achieves such 
control that provides fa a smooth wavefam variation 
based on aoss-fade synthesia Also, similariy to the 
above-mentioned, it is possUe to fix a functional wave- 
fonn of cross-fading coefficient fa each of the channels 
and thereby fadtitate formation of the functional wave- 
form, 

Aocoding to stiD another aspect of the present 
invention, there is provided a tone generating device 
wttich conrprises: a waveform menrxxy having staed 
therein wavefonn data of a plural-cyde wavefonn; a 
pitch designating section that designates a pitch of a 
tone to be generated; a wavefonn designating section 
that designates, in response to passage of time, dis- 
crete locations of the wavefam data to be read out from 
the wavefam memory with a time axis of the waveform 
data controlled to be stretched a compressed, so as to 
designate first wavefonn data at cun^ent locations and 
second wavefam data at locations having been control- 
led to be stretched a conpressed relative to the first 
wavefam data; a readout section that reads out firom 
the w«vefam memory, the first and second wavefam 
data designated by the waveform designating section, 
to output the first and second wavefam data tttrough 
first and seoond channels, respectively; a cross-fade 
synthesis section that executes cross-fade synthesis 
such that a transfer occurs from one of the frst and sec- 
ond waveform data sidled through one of the first and 
second channels to another of the first and second 
wavefam data; and a control unit that when, afta com- 
pletion of the cross-fade synthesis by the cross-fade 
synttiesis section, ttie wavefonn designating section 
designates waveform data at locations havffig been 
controfled to be stretched a compressed relative to the 
locations of the second waveform data, controls desig- 
nation by the \ravefam designating section in such a 
manner that the second wavefam data continue to be 
outputted by the readout section throu^ a same one of 
the first and second channels as having been so f^ 
used and the waveform data at the new locations are 
outputted by the readout section through anottier of the 
first and seoond channels and also changes a cross- 
fading direction in the cross-fade synthesis section. 

With ttiis arrangement in peribrming ttie time-axis 
stretch/conpression control of the readout locations of * 
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the wavelbrm data, the present invention achieves such 
control that provides for a snxxrth wavetonn variation 
based on cross-fade synthesis. 

Rnaily. according to still another aspect of the 
present invention, there is provided a tone generating 
device which conprised: a wavelbrm memory having 
stored therein waveform- data of a plurai-cyde wave- 
form: a pitch designating section that designates a pitch 
of a tone to be generated: a control unit that designates, 
in response to passage of time, dtsaete locations of the 
waveform data to be read out from the waveform menv 
ory with a time axis of the waveform data corrtroiled. by 
the control unit, to be stretched or corrpressed: a wave- 
fam designating section that in response to designa- 
tion by the control unit designates a first part of the 
waveform data at current locations and a second part of 
the wavefbnn data at locations following the cun-ent 
locations when stretch of the waveform data is to be 
executed, designates the first part of the waveform data 
at cunent locations and a second part of the waveform 
data at tocations preceding the cun-ent locations when 
compressfon of the waveform data is to be executed, 
and designates a same part of the waveform data at 
cun-ent locations as fret and second part of tiie wave- 
form data when neither stretch nor compressfon is to be 
executed; a readout section that reads out from the 
wavefomn memory the f list and second part of the wave- 
form data designated by th e control uiit at a rate corre- 
spm£ng to the pitch desif^iated by the pitch 
designating section; and a crose-fiade synthesis section 
that executes cross-fade synthesis such that a transfer 
occurs from the first part of the waveform data to the 
second pert of the waveform data 

With this arrangement the present invention 
achieves such control that provides for a smooth wave- 
form variation based on cross-fade synthesia In addi- 
tion, even when no time-axis stretch or compression is 
to be canied out. the present vvention is allowed to per* 
form cross-fade synthesis between same wavefonn 
data read out through the first and second channels to 
thereby prevent occunence of time-a»s stretch or conv 
pression of the waveform data, m this manner, the 
present invention performs the cross-fade synthesis at 
any time only ^apparentty". As a result the present 
invention can be constructed to u nconditio n aayperfcym 
the cross-fade synthesis at any time and thus can elim- 
inate the need to determina in consideration of con- 
tents of a time-axie stretch/compression control 
parameter, whether or not the croee-fade synthesis 
should be effected. This arrangement can signTicantty 
simplify the necessary control and constructioa 

For better understanding of the above and other 
features of the present inventioa the preferred embed- 
ments of the invention will be described In greater detail 
below with reference to the accompanying drawings, in 
which: 

Ftg. 1 is a blocic diagram Olustrating an overafi setup 



of an electronic nmjsical instrument to which is 
applied a tone generating techniqu based on time 
stretch and conpress control (TSC) control; 
Fig. 2 is a block diagram illustrating details of a 

s waveform generating section of Rg. 1 ; 

Fig. 3 is a graph illustratively showing a manner in 
which the address is advanced over time in a wave- 
lbrm memory during compression control based on 
the TSC control along the time axis of waveform 

10 data according to the present invention: 

Fig. 4 is a graph Illustratively showing a manner in 
which the address is advanced over time in the 
waveform memory during stretch control based on 
the TSC control; 

IS Rg. 5 shows exemplary manners In which the abso- 
lute time length of the original waveform is 
stretched and compressed along the time axis; 
Rg. 6 is a diagram showing other exemplary man- 
ners in which various waveform control is canied 

so out by applying the TSC control to reproduced 
waveforms! 

Rg. 7 is a f tow chart illustrating a step sequence for 
aeeting waveform data to be stored in the wave- 
form memory of Rg. 2; 
25 Rg. 8 is a f kMf chart illustrating a step sequence of 
a process for defining (marking) data divisfons in 
the v-a^^efrmi data to be stored in the waveform 
memory; 

Rg. 9 is a cfiagram schenuttically showing an exem- 
» plary storage format in the waveform memory; 

Rga 10A to lOD are dfagrams showing exemplary 
manners in which the waveform data are stored in 
the wavefonn m&mory and the waveform data are 
cfivided into data divisfons for management pur- 
35 poses; 

Rg. 11 is a fkMv chart illustrating an example of a 
main routine in a processing program run by a con- 
trol unit of Rg. 1; 

Rg. 12 is a ftow chart illustrating an example of a 
40 key went process carried out in kay switch 
processingdRg. 11; 

Rg. laisaftawchartiltustratkiganexampleofper- 

fomnance operator processing of Rg. 11 : 

Fig. 14 is a diagram of a modHication of the TSC 

46 control where virtual read addresses are generated 
by a virtual l-ead address cafoulator of Rg. 2 with a 
nonitmr characteristic, showing an exemplary 
manner in which the read addresses advance over 
time in the wavefonm memory when compression 

50 control is to be executed; 

Rg. 15 is a diagram of another mocfification of the 
TSC control where the vvlual read addresses are 
generated by the virtual read address cafoulator of 
Rg. 2 wHh a nonlbiear characteristic, showing an 

55 exenplary manner in whfoh the read addresses 
advance over time in the waveform memory when 
stretch control ia to be executed; 
Rg. 16 is a diagram of another mo dtf i cati on of the 
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TSC control which, when a pitch of a tone to be 
generated is relatively high, peftorms control to 
stretch stored wavefonn data along the time length 
so as to keep a total tone-reproducing or tone^en- 
erating time length substantially constant, showing 5 
an exemplary manner in which the read addresses 
advance over time in the waveform memory during 
the stretch control; 

Rg. 1 7 is a diagram of still another rnodification of 
the TSC control which, when a pitch of a tone to be 10 
generated is relatively low. perlbrms control to corn- 
press stored waveform data along the time length 
so as to keep a total tone-generating time length 
substantially constant showing an exemplary man- 
ner in whteh the read addresses advance over time 15 
in the waveform memory during the conpression 
control; 

Rg. 18 is a diagram of still another nrx)difkatk>n of 
the TSC control which varies over time. Illustratively 
showing advances or variatk)ns of virtual read 20 
addresses and actual read addresses when peri- 
odic or non-penodic modulation control is to be car- 
ried out by the TSC control: 
Rg. 19 is a diagram shearing an exemplary storage 
format of waveform data for a tone in the wavefonn 25 
memory; 

Rg. 20 is a ftaw chart niustrating another example 
of the performance operator processing: 
Rg. 21 is a btock diagram illustrating a modified 
overall setup of the electronic musical instrument of 30 
Rg. 1; 

Rg. 22 is a fk)w chart showing an example of a 
MIDI input event process that is carried out by a 
control unit shown in Rg. 21; 
Rg. 23 is a fk^ chart shewing an example of a 3t5 
note-on process that is carried out by the control 
unit of Rg. 21; 

Rg. 24 is a fkMv chart showffig an example of a real- 
time control data receptkyi process that is can-led 
out by the control unit of Rg. 21; 40 
Rg. 25 is a i\cm chart showing an example of an 
intennpt process, relating to Uentificatkyi of a per- 
formance style, that is carried out by the control unit 
ofRg.21; 

Rg. 26 is a diagram showing examptes of waveform 45 
data stored In correapon d ng retatfons to perfomv 
ancestyles; 

Rg. 27i8a(tegrBm8hmingexempiafynriannerBin 
which a waveform is read out when a slur perform- 
ance is to be effected; 50 
Rg. 28 is a diagram shming exemplary manners in 
which a waveform is read out when a pitch bend 
performance is to be effected: 
Rg. 29 is a block diagram schematkally showing an 
exenr^ary arrangement of the waveform general- 55 
ing sectfon of Rg. 1 or 21 tn a case where an 
optional combination of all or some of several 
cross-fade methods is employed in accordance 



with a -ratk) of stretch/compression relative to a 
standard reproducing time length" as another 
embodiment of the TSC control; 
Rg. 30 is a bkxk diagram showing a detailed exam- 
ple of a waveform memory reader unit shown in Rg. 
29; 

Rg. 31 is a diagram explanatory of a basic concept 
ol the TSC control in the detailed exanple of Rg. 

30: 

Rg. 32 is a diagram showing a manner in which 
apss-fade synthesis is can-ied out between wave- 
form data regfons read out in first and second 
aoss-lading channels according to the TSC control 
of Rg. 30; 

Rg. 33 is a dagram showing exemplary manners in 
wNch wavefonn data including attack and k>op por- 
tfons are stored and read out according to the TSC 
control of Rg. 30; 

Rg. 34 is a diagram shewing a sum-up of respec- 
tive contents of stretch (S). normal (N) and com- 
pression (C) processes canied out t3y an address 
calculator of Rg. 30; 

Rg. 35 is a diagram explanatory of a manner in 
which the address cafoulator detemiines whk:h of 
the stretch (S). nonmal (N) and conpresskxi (C) 
processes is to be carried out: 
Rg. 36 is a diagram explanatory of the control of 
Rg. 35 in a more generalized manner, showing a 
manner in wNch the actual address is allowed to 
move bade or junp forward by two periods; 
Rg. 37 is a diagram showing a detailed ocarrple of 
the TSC control of Rg. 30 when time-axis 
stretch/oxnpression ratfo CRate is 1 .5; 
Rg. 38 is adia^am shewing a detailed example of 
the TSC control of Rg. 30 when tinw-axis 
stretch/oompressfon ratfo CRate is 1.0 for repro- 
duction with an original reproducing time length; 
Rg. 39 is a diagram shewing a detailed mmpHe of 
the TSC control of Rg. 30 when tinr)e-ax» 
stretch/oompressfon ratfo CRate is 0.75 for repro- 
duction with a stretched reproducing time length: 
Rgs. 40A and 40B are diagram shewing exemplary 
variatfons d stretch/conpressfon ratfo used in the 
TSC control of Rg. 30; 

Rgs. 41 A to 41F are graphs showing examples of 
timewise variatfon patterns of control parameters 
that are stored in tables for use in the TSC control 
of the present Inventfon; 

Rg& 42A to 42F are graphs showing examples of 
timewise variatfon patterns of control parameters 
that are generated in a brokan-llne-graph like man- 
ner tor use in the TSC control of the present inven- 
tfon; 

Rgs. 43A and 43B are diagrams showing examples 
of tone cofor control using any of the timewise vari- 
ation patterns of the TSC control parameter as 
shown in Rgs. 41 and 42, each showing an-exenv 
plary anangement of a control information table 
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corresponding to a given tone oola; and 
Fig. 44 is a block diagram showing an example of 
an oy^erail hardware setup employed in a tone gen- 
erator t)a8ed on computer software. 

5 

[General Description of ISC ControQ 

As will be described in detail hereinbelow. the 
present invention rs designed to execute time stretch 
and compress control (hereinafter refen'ed to as 'JSC io 
control^ tor reading out waveform data from a waveform 
memory with the time-axis length stretched or com- 
pressed within optional iimtts, independently of normal 
pitch control of each tone to be reproduced, to thereby 
control characteristics of the tone freely and variously. is 

Rg. 1 is a block diagram illustrating an overall setup 
of an electronic musical instrument in accordance with 
an embodiment of the present invention, to which is 
applied a tone generating technique based on such 
TSC control. The electronic musical instrument conv 20 
prises a keyboard IOIA. a group of other performance 
operators 101B. a group of setting operators 100. a con- 
trol unit 102. a tone generator unit 103, a drgttal-to-ana* 
log converter (DAC) 104. a sound system 105. etc. The 
tone generator unit 1 03 includes a wavekxm generating 2S 
section ill. a tone volume control sectkyi 112. a con- 
trol register 113 provided for each of tone generating 
channels and a channel accumulating section 114. 
Every predetermined sampling cyde. the tone genera- 
tor unit 103 generates tone waveform signals for the 
tone generating channels on a time divisk)nal basis and 
supplies tone waveform data, obtained by accumulating 
the thus-generated tone waveform signals, to the DAC 
104. 

The keyboard 101 A includes a plurality of keys for 35 
designating pitches of tones to be generated and may 
be in the form of not only a conventx)nally-known typical 
keyboard but also another suitable device, such as a 
MIDI guitar device, which generates pitch designating 
data in accordance with the MIDI (Musical Instrument 40 
Digital Interface) technk^ua The other performance 
operators 101B include vanous types of peHbrmance 
operators <^ rs whe^-type and pedai-type operators 
and joy stkdL In response to players perfonnance oper- 
atkxi on any of the keyboard 101A and other perform)- 45 
ance operators 101B, corresponding performance 
i n form atk xi Is generated in reel time and then given to 
the control unit 102. II may be trrportant to note that 
such performance inform at ton need not necessarily be 
given in response to player^ real-time performance so 
operation and may of course be automatk»tly given 
from an automatic performance device, such as a 
sequencer, in accordance with the MIDI technk^ua The 
setting operators 100 include a dsplay and varfous data 
setting operators such as panel switches. slderB and ss 
jog dials. wNch are used to enter varfous data relating 
to setting and control of tonal characteristics. 

The control unit 102 Issues a tone generating 



instruction to the tone generator unit 1 03. in accordance 
with performance information given from any of the key- 
board 101 A and other performance operators 101B and 
various setting information given from the setting opera- 
tors 100. For example, the control unit 102. which 
includes a CPU, ROM, RAM and other peripheral cir- 
cuitry, carries out processing in accordance with prede- 
termined programs to issue tone generating instructions 
corresponding to the above-mentioned performance 
infomiation and setting informatfon. More specif icaily, In 
accordance with the above-mentioned performance 
information and setting information given from the key- 
board 101 A and performance operator 101 B. the con- 
trol unit 102 assigns channels to tone generation and 
aeates tone parameters, so as to set the created tone 
parameters into the control register 113 in association 
with the assigned channels. On the basis of the tone 
parameters thus set in tiie control register 1 13 in asso- 
ciation with the assigned channels, the waveform gen- 
eratv)g section 111 in the tone generator unit 103 
generates tone waveforms for the channels on the time- 
divisional basis, the tone volume control section 112 
perfomns tone volume control (including tone volume 
envekspe controQ on the generated tone wavefonms of 
the individual channels, and the channel accumulating 
sectfon 114 accumulates the volunf)e-controlled tone 
waveforms of the charviete and passes the accumu- 
lated result to the DAC 104. The DAC 104 converts the 
digitai tone wveforms from the channel accumulating 
section 114 into anatog tone signals. whk:h are audibly 
reproduced or sounded via the sound system 105. 

Fig. 2 is a bfock diagram illustrating a detailed 
exanple of the waveform generating section 111 of Fig. 
1. The waveform generating section 111 includes a 
waveform memory 10. which, for each of selected 
tones, has prestored therein a plurality of sets of wave- 
form data of a plural-cycle wavefonm in association with 
a pluralrty of tone cofors and tonal characteristics (eg., 
characteristics depending on tone pitches or note 
ranges and modulating characteristics such as vforato 
and slur). Kay code KC and tone color information TC 
indicative of pitch or note range and cotor. respectively, 
of each tone to be generated are supplied, by way of the 
control register 1 13. to the waveform generating section 
111 for subsec^ent delivery to various component s 
thereof. Various information, such as ttie respective 
leading or start addresses of the indMdual waveform 
data prestored in the waveform memory 10 is stored in. 
for example, a waveform division information memory 
15. By reading out given leading address information 
using such key code KC and tone color information TC 
as parameters, a selection is made, in the waveform 
memory 1 0. of one of the sets of the plural-cyde wave- 
form data whfoh has particular tonal characteristics, 
r^amely. the leading address information read out from 
the waveform section information memory 15 is fed to 
an actual read address cafoutator 16 where it is set as 
an initial value of actual read address RAD to be gener- 
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ated by the calculator 16. Then, the waveform data are 
read out from the wavefonn memory 10 in accordarK 
with actual read addresses RAO generated from the 
address calculator 16. Note that th atxve-mentfoned 
parameters for selecting waveform data to be read out 5 
from the waveform memory 10 may be other than the 
key code KC and tone- color information TC. such as 
information INF based on suitable performance infor- 
mation or setting Information. 

From the control unit 102. the actual read address 10 
calculator 16 receives, by way of the control register 
113, a note^n signal instructing tone generation 
(namely, waveform generation), pitch information indie* 
ative of pitch information of a tone to be generated and 
other data. The pitch information may be a frequerKy is 
number corresporxling to a frequency of the tone to be 
generated, and well-krtGwn infonnation or other infor- 
mation may be used as the frequency number. Basi- 
cally, the actual read address calculator 16 generates 
data of the actual read adcfress RAO that sequentially 20 
changes at a rate (pitch) corresponding to the received 
pitch information. Thus, by reading the samples of the 
waveform data from the waveform menwy 10 in 
accordance with the actual read addresses RAO. a tone 
can be reproduced which has a pitch corresponding to ss 
the pitch information. 

In the present embodiment, a virtual read address 
calculator 17 is provided for use in the above-mentioned 
*TSC control*. The virtual read address calculator 17 
generates, as virtual read address VAO. adcfress data 30 
indicating from which address the waveform data 
should be read out at a current time point, in order to 
achieve desired time-axis stretch or compressfon of the 
wavefom) data. To this end. stretch/conpression ratio 
data SCR indicating desired stretch or compression 35 
ratio and the above-mentioned pitch information are 
supplied to the virtual read address calculator 1 7. which 
thus outputs, as virtual read address VAO. address data 
sequentially changing at a variation inclination or slope 
calculated by modifying tiie advancffig slops :e(:ra- 4o 
sented by the pitch information with the stretch/com- 
pression ratio data SCR. Modulating information MS 
based on the performance information and setting infor- 
mation and/or other information is si^spfied to a convert- 
ing section 18. which, as necessary, con^ the value 48 
by use of parameters, such aa ttie key code KC and 
tone color infor ma tion TC. The resultant output of the 
converting section 18 is suppfied to the virtual read 
address calcUator 17 as the stretehfeonpresston ratio 
data SCR. For sinptidty of descrptioattie virtual read so 
addresses VAO will be descnbed hereinbelow as oorre- 
spondng to absoluto addresses in the wavefonm menrv 
ory 10. although ttiey may be rialative addressee ttwt 
are not <firectty related to ttie absolute addresses. Thus, 
necessary absolute address data (such as the above- S8 
mentioned leading or. start address information) may be 
given from the actual read address calculator 16 to the 
virtual read address calculator 17. and comparisons 



between tiie actual read addresses RAO and virtual 
read addresses VAO may be directly made by a shift 
control circuit 14. Where the virtual read addresses 
VAO are relative addresses (with the le^jing address of 
"0". for example), ttie virtual read addresses VAO to be 
passed to the shift control circuit 14 may comprise only 
relative addresses (with the leading address of "0". for 
example). 

The shift control circuit 1 4 compares the actual read 
address RAO and virtual read address VAO. so as to 
give tile actual read address calculator 1 6 an instruction 
to shift the actual read address RAO when the differ- 
ence or deviation of the actual read address RAO from 
the virtual read address VAO has exceeded a predeter- 
mined value, tn response to the shift instruction, the 
actual read address calculator 16 executes control to 
shift ttie actual read address RAO by an amount cone- 
sponding to a specific number of addresses for eliminat- 
ing ttie difference of ttie actual read address RAO from 
ttie virtual read address VAO. Such shift control exe- 
cuted by ttie actual read address calculata 16 will be 
later described in detail. 

Various registers 19 to 22 shown in Rg. 2 as 
belonging to tiie actual read address calculata 16 are 
for storing controlGng variable data 1', T* "Aij" and read 
pointer p for use in ttie shift control. 

Cross-fMe synttiests section 13. provided on ttie 
output side of ttie waveform memory 10. synttiesizes 
two groups or parts of waveform data in a cross-fade 
fashion (cross-fade synttiests) during ttie shift control, in 
order to achieve a smootti waveform transfer by mini- 
nr^ing adverse influences of ffoctuations in the read-out 
waveform due to a rapid change (sf^ in ttie actual read 
addresses RAa To ttiis end. two ^oups of waveform 
data are read out firom ttie waveform memory 10 and 
supplied via respective interpolating cvcuits 11 and 12 
to ttie cross-fade synttiests section 13; ttiat is. ttie two 
groif36 of waveform data are read out to ttie croas-fade 
synttiests section 1 3 ttvough tm cross-fading channels 
(primary and secondary cross-fiading channels). The 
aoss-fade synttiesis may be performed in a variety of 
ways. This embocfiment is designed in such a manner 
ttiat ttie actual read adcfress calculator 16 generates 
shifted actual read addresses RAO and sinrtiltaneously 
generates non-shifted actual read adcfresses as actual 
read addresses RAb2 fdr ttie subsidiary cross-foding 
channel, so as to read out two groups of wavefam data 
W1 and W2 from ttie Mvetorm menwy 10 using ttie 
addresses RAO and RA02. The read-out waveform 
data W1 and W2 are passed to ttie cross-fade synttiesis 
section 13 via ttie interpolating circuits 1 1 and 12. In ttiis 
preferred embodiment ttie wavefonn data W1 readout 
using ttie actual read addresses RAO are processed as 
first or primary cross-Mng wavefonti region data 
(ttvoufi^ ttie first or primary crosa-tading channeQ and 
ttie waveform data W2 read out using ttie actual read 
addresses RA02 are processed as second or subsidi- 
ary aoss-fading waveform region data (ttvough ttie sec- 
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ond or subsidiary cross-fading channeO; more 
spedficaily, the amplitude vaJues of tfie waveform data 
W1 are scaled by cross-fade coefficierrts in decimal val- 
ues sequentially inaeasing from "O" to '1 ' (fade-in) and 
the amplitude values of the waveform data W2 are 5 
scaled by cross-fade coefficients in decimal values 
sequentially decreasing from "V to "0" (fade-out), so 
that the thus-scaled waveform data W1 and W2 are 
additively synthesized. It should be cbvious that the 
manner of effecting the cross-fade synthesis is not lim- 10 
ited to the above-merttioned and may be modified vari- 
ously: for example, the tading-in/Yading-out relationship 
between the primary and subsidiary aoss-fading wave- 
fam region data may be reversed The two groui^e of 
waveform data W1 and W2 may be read out from the 15 
waveform memory 10 on the time-divisional basis. 

Each of the interpolating circuits 1 1 and 12 interpo- 
lates between sarrples of the corresponding waveform 
data W1 or W2 read out from the waveform memory 10. 
To this end. integer parts of the actual read addresses 20 
RAO and RA02 are supplied to the waveform memory 
10. while decimal fraction parts of the addresses RAO 
and RA02 are staled to the interpolating drcuitB 11 
and 12 as interpolation parameters. Of course, the inter- 
polating drcuitB 1 1 and 12 are not necessarily essential 25 
and may be omitted. 

Variable data i. j and Aij are stored in the registers 
19. 21 and 22 in assodatfon with the primary cross-fad- 
ing waveform region data and subsidtary oross-fiading 
waveform region data. The read pointer p stored in the 30 
re^ster 20 is shared between the primary and subsicfi- 
ary cross-tading channel& 

Before going into further details, the basic concept 
of the tSC control carried out by the waveform generat- 
ing section 111 of Rg. 2 is described by way of example 3$ 
in relation to Figs. 3 and 4. 

Ftg. 3 is a graph iSustratrvely showing a manner in 
which adc^esses are advanced over time in the wave* 
fam memory during compre ssi on control based on the 
TSC control scheme, where the horizontal axis repre- 40 
sents time and the vertical axis represents the address. 
The starting point of the vertical axis represents th« 
leading or start address of a selected set of waveform 
data A dot-and-dash line represents an example of a 
basic address advance or progression based on pitch 46 
inform a tion, and a heavy broken Ine represents an 
example ol an advance of virtual read address VAO. If 
the stretch/oonpression ratio data SCR is of vidue T, 
the advance of virtual read address VAO coincides with 
the basic address advance represented by the dot-and- so 
dash line and no ttme-axis variation occurs. If the time 
axis is to be compressed, the stretch/compression ratio 
data SCR takes an appropriate value equal to or greater 
than "1" so that the advandng slope of the virtual read 
address VAO becomes relatively great or steep as 55 
shown. Heavy solid line represents an example of an 
advance path of actual read addresses RAQ The 
advandng slope of the actual read address RAO coin- 



ddes wfth the basic address advance represented by 
the dot-and-dash line. In this case, because the varying 
or advandng slope of the virtual read address VAO is 
relatively great, the advance of the actual read address 
RAO becomes slower and slower than that of the virtual 
read addresses VAO as the time passes. Once the dif- 
ference or deviation of the actual read address RAO 
from the virtual read address VAO has exceeded a pre- 
determined value, the shift control circuit 14 issues a 
shift instruction (designated by an arrow), so that the 
actual read address RAO is shifted by an appropriate 
amount in such a direction to eliminate the difference. 
This way, the advance of the actual read addresses 
RAO is varied in line with that of the virtual read 
addressee VAO while maintaining the varying or 
advancing slope as dictated by the pitch information, 
and presents characteristics compressed in the time- 
axis direction. Thus, by reading out waveform data W1 
from the waveform memory 10 in accordance witfi such 
actual read addresses RAO. it is possible to obtain a 
waveform signal, indicative of a waveform compressed 
in the time-axis direction, without varying the pitch of the 
tone to be reproduced. 

PrefMbly, the shift of the actual read address RAO 
in the direction to efiminate its difference from the virtual 
read address VAO is carried out in such a manner that 
a smooth intefconnection is achieved between the 
waveform data having been read out immediately 
before the shifting and the wavefomi data to be read out 
immediately after the shift As an example, the shift may 
be carried out in such a manner that the biterconnection 
occurs at respective points where the fundamental 
wave components of the stored waveform data are in 
same phase. As another example, the actu^ read 
address RAO may be shifted over a length correspond- 
ing to an integer multiple of the number of samples con- 
tained in one cyde of the stored waveform data. Asstai 
another example, the shift may be canied out in such a 
manner that the interconnection occurs at respective 
pdnts of substantially same amplitude value and 
advancing slope 

Fig. 4 is a graph iltustratively showing a manner in 
which the address is advanced over time in the wave- 
form memory during stretch control based on the TSC 
control. In this case, the varying or advandng slope of 
the virtual read addresses VAO represented by the 
heavy soid line is relatively smalt as shown. Thus, tiie 
advance of the actual read addresses RAO becomes 
faster and faster than that of the virtual read addresses 
VAO as the time passes. Once the difference of the 
actual read adefress RAO irom the virtual read adcfress 
VAO has exceeded a predetemiined value, the shift 
control drcuit 14 issues a shift Instruction (designated 
by an arrow), so that the actual read address RAO is 
shifted by an appropriate amouit in such a direction to 
eliminate ttie difference. This way. the advance of the 
actual read addresses RAO is varied in line with that of 
the virtual read addresses VAO while maintaining the 
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advancing slope as dictated by the prtcti information, 
and presents characteristics stretched in the time-axis 
direction. Thus, by reeding out waveform data W1 from 
th waveform memory 10 in accordance with such 
actual read addresses RAO. it is possit)le to obtain a 5 
waveform signal, indicative of a waveform stretched in 
th time-axis direction, wrthput varying the pitch of the 
tone to be reproduced. 

In Figs. 3 and 4. each ripple-shape line represents 
an advance of the actual read addresses RA02 in the 10 
subsidiary cross-fading channel (i ^M for the subsidiary 
cross-fading waveform region data). As shown, in 
response to the shift instruction, the actual read 
addresses RAD2 for the subsidiary cross-fading wave- 
form region data are generated along an extension of is 
the advance of unshifted actual read addresses RAO at 
a same rate (i.e.. varying or advandng slope) as the 
actual read addresses RAO. In a suitable cross-fade 
period, cross-fade synthesis is carried out in such a 
manner that a smooth waveform transfer is achieved 20 
from the waveform data W2. read out in accordance 
with the actual read addresses RA02 for subsidiary 
cross-fading waveform region data, to the waveform 
data W1. read out in accordance with the actual read 
addressee RAD for primary cross-fading wavefonm 25 
region data. In this case, it is only necessary that the 
actual read ad^esses RA02 for subsidltfy cross-fading 
waveform region data be generated for a given cross- 
fade period. 

Note that executipn of such cross-fade synthesis is so 
not necessarily essential although it is very preferable. 
For exampla a emoc/th interconnection between the 
waveform data read out before and after the shift of the 
actual read address RAO may be achieved by issuing a 
shift instruction at a poffit when the waveform data read 35 
out immediately before the shift and the waveform data 
read out immediately after the shift agree with each 
other in phase. Further, because any other form of 
waveform processing is also posst)le. the present 
invention may enrploy a scheme of readffig one group of 40 
the waveform data W1 using only the actual read 
address RAO. instead of executing the cross-fiade syn- 
thesis. 

In the case where the croGB-fade synthesis is 
empk>yed.thefading-in/tocfing^reiatfonship^ 45 
the primary and subsidtary cross-fading wavefonm 
region data may be reveised ftam that descnbed above 
in relation to Rga. 3 and 4. Nameiyi in a aoss-fade 
period, addressee beoig advanced aiong the extension 
of the actual read addressee RAO may be maintained so 
directly as actual read addresses RAD and shifted 
actual read addressee may be used as actual read 
addresses RA02 for subsidiary cross-teftig waveform 
region data. In such a case, upon termination of the 
cross-fade synthesis, the actual read addressee RA02 ss 
for subsidiary cross-fading waveform region data are 
changed to actual read addresses RAD so that the 
actual read addresses RAO are advanced along the 



extension. This way. the cross-fade can be considerably 
simplified because it is only necessary to set shifted 
actual read addresses as actual read addresses RA02 
for subsidiary cross-fading waveform region data while 
allowing the actual read addresses RAO for primary 
cross-fading waveform region data to be advarKed as 
before. This approach is employed in detailed examples 
which will be described hereinafter. 

Although, for simplicity of illustration and desaip- 
tion, Figs. 3 and 4 do not show a case where control is 
executed to repetitively read out a predetermined range 
of the waveform data set stored in the waveform mem- 
ory 10. the TSC control scheme according to the 
present invention is also applicable to such a case. 
Nan)ely. the TSC control scheme according to the 
present invention is applicable not only to the case 
where plural<ycle waveform data stored in the wave- 
fom memory are read out only once to reproduce a sin- 
gle tone but also the case where a predetermined range 
of the same waveform data set stored in the waveform 
menrx)ry is repetitively read out to reproduce a sin^^e 
tona For this purpose, loop (repetition) control of the 
actual and virtual read addresses RAO and VAD may be 
carried out in both the actual read address calculator 16 
and the virtual read address calculator 17 of Fig. 2. or 
loop (repetition) control of only the virtual read 
addresses V.^0 m^ be carried out only in the virtual 
read address calculator 17. The reason why the loop 
control of the virtual read addresses VAO may be car- 
ried out in only the vi rtual read address cal cUator 1 7 is 
that as long as the virtual read addresses VAO are locp- 
controUed. the actual read adcfresses RAO will be auto- 
matically loopKX)ntrolled in the track of the loop of the 
virtual read addresses VAD in response to occurrence 
of any deference or deviation from the virtual read 
addresses VAO. 

Now. with reference to Fig& 5 and 6. a description 
wiU be made about examples of stretch and compres- 
sion, along the t^ axis, of a waveform which may be 
inr^plemented oy the TSC control scheme acconjing to 
the present embodiment 

In Fige. 5 and 6. black symbols denoted by refer- 
ence numerals 1401 and 1501 at the top of the figures 
represent origkial waveforms (each of which may be 
obtained by, for exanple. recording or sampling a p^ral- 
cyde waveform of fl tone having a given original pitch) 
stored in the waveform memory 10. Note that each 
black symbol in Figs. 5 and 6 represents a plural-cyde 
waveform and its contour generally corresponds to the 
envelope of the waveform, and the length (horizontal 
dimension) of the symbol represents a tone-generating 
time length while the width (vertical dimension) of the 
synM represents ampittude. 

Fig. 5 shews exenplary manners bi which the abso- 
lute time length of the entire original waveform (stored 
original wavefonn) 1401 is stretehed and compressed 
by interactions between the pitch control based on the 
pitch information and the TSC control according to the 
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present embocfiment Black symbote 1402 and 1403 in 
the middle of the figure represent examples of wave- 
forms read out only in accordance with the pitch infor- 
mation (i-B., wavetomis read out wrth a 
stretch/compression ratio of "1 more specifically, synv 5 
bol 1 402 represents an exanple of a read-out wavefomi 
with a pitch higher than (or raised from) that of the orig- 
inal wavefonn 1401 ("pitch-up wavefonm") while symbol 
1403 represents an example of a read^out waveform 
with a pitch lower than (or lowered from) that of the orig- ro 
inal waveform 1401 ("pitch-down waveform"). Raising 
the pitch means reading out tfie aiginai wavefonm 1401 
faster or at a wider stride by advancing the read address 
at a higher rate, and by so doing, the time-axis length of 
the waveform is reduced. Conversely, lowering the pitch is 
means reading out the original waveform 1401 slower or 
at a nan-ower stride by advar)cing the read address at a 
slower rate, and by so doing, the time-axis length of the 
waveform is inaeased. Therefore, in Rg. 5. the tinrie 
length (tone-generating time length) of the raised-pftch 20 
waveform 1402 is smaller than that of the original wave- 
fam 1401 (reference tone-generating time length), and 
the time length of the lowered-pitch waveform 1403 is 
greater than that of the original waveform 1401. 

Black symbols 1404, 1405 and 1406 at the bottom 2S 
of Ftg. 5 represent exanples of waveforms obtained by 
optionally stretching and compressing the pitch-control- 
led waveforms 1402 and 1403 through the ISC control. 
Mae specifically, symbol 1404 represents an exarrvte 
of a waveform obtained by compressing the time length 30 
of the raised-pitch or lowered-pitch waveform 1402 or 
1403 relative to the absolute time length of the original 
waveform 1401. symbol 1405 represents an eomple of 
a waveform obtained by restoring the time length of the 
raised-pitch or lowered-pitch waveform 1402 or 1403 38 
back to the ^t>solute time length of the original wave- 
fam 1401, and symbol 1406 represents an example of 
a wavefonn obtained by stretching the time length of the 
raised-pitch or lowered-pitch waveform 1402 or 1403 
relative to the absolute time length of the original weve- 40 
form 1401. Such control to stretch or compress the 
tone-generating time length is penmrtted by properly giv- 
ing the stretch/compression ratfo data SCR. 

Ftg. 6 is a diagram showing exemplary manrters 
where various waveform control is canied out by apply- 45 
ing the TSC contRsI to a selected part rather than the 
whole, of reproduced wavefonme. Btock symbol 1502 
represents an exanrple of a wavefonm obtained by com- 
pressing the time length of only an attack or rising por- 
tion of the original waveform 1501. black symboil 503 50 
represents an mmple of a waveform Obtained t)y com- 
pressing thetinw length of only a steady or sustain por- 
tion of the origffiat waveform 1501. and black symbol 
1 504 represents an example of a waveform obtained by 
compressing the time length of only a release or Ming 58 
portion of the original waveform 1501. Further, black 
symbol 1505 represents an example of a waveform 
obtained by stretching the time length of only the attack 



portion of the original waveform 1501. black symbol 
1506 represents an example of a waveform obtained by 
stretching the time length of only the sustain portion of 
the original wavefam 1 501, and black symbol 1 507 rep- 
resents an example of a waveform obtained by stretch- 
ing the time length of only the release portion of th 
original wavefam 1501. Through the TSC control 
scheme according to the present embodiment such 
control to partly change the time length can be caoied 
ou independently of the pitch control. Fa example, the 
focal or partial TSC control can be achieved by giving 
and changing, in real time during tone generation, the 
performance information a settirig infamation for con- 
trolling the stretch/conpressfon ratio data SCR. 

The TSC control scheme proposed by the present 
invention can be utilized, in a tone generating device 
using a wavefam nriemory as a tone source, as novel 
corrtrol parameters for enharwng time-axis a tinie-var- 
ying expression such as variations in style of peribon- 
ance a tonal effect. Namely, the TSC control can be 
utilized as time-axis parameters in controlling a style of 
performance a tonal effect SpedTic examples of such 
time-axis parameters include ones for: 

(1) controllrng a cyde of periodc modulation effect 
such as a vibrato a trenriofo; 

(2) controlUng a time of a transient pitch modulatfon 
effect such as a pitch bend; 

(3) controlling a rising a falling time, such as an 
attack a decay time of a tone; 

(4) positively and freely inparting a "swing" to a 
tone; 

(5) ^iminating monotonousness of loop control 
(including looped read control for generating a sus- 
tain sound a loop control of a vforato); 

(6) controlling a time of control fa linWng sounds, 
such as a slur (finking time); 

(7) cor<ro(ling the length of an ornament (decora- 
tive sound): 

(8) conpensating for changes in a tone generating 
period when the stored original waveform Is read 
out at diffaent pitches; 

(9) aeating variations of the staed origvial wave- 
form by readkig out the original wavefonn whye 
tocalty a partiy controling its time-axis; and 

(10) optionally controllffig a tone generating period 
length in reproducing a sound based on the aiginai 
waveform, by variably controlling an entire tone 
generating period length of the aiginai wavefbrm 
(e.g., controlling the time length to coincide with a 
note length of a musical staff given via ojtomatic 
performance inform a tion). 

Thus, leTs assume hae that the organization of the 
waveform generating section 111, particularty the con- 
tents of the waveform data to be staed in the wavefam 
vnmory 10. are set optionally in accordance'with spe- 
cific purposes a needs for which the TSC control 
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scheme is to be utilized. 

For exanple, the wavetorm memory 10 has 
prestaed therein at least one set of waveform data of a 
plural-cyde tone waveform, for each tone color. In addi- 
tion, in the waveform memory 10. there are prestored. 
for each of the tone colors, two or more sets of wave- 
form data in corresponding relations to pitches or 
ranges, touch intensity (velocity) values, or styles of per- 
formance or tonal effects (such as a vilxato. tremda 
pitch bend and slur). However, it is not necessary that 
different sets of stored waveform data be used for each 
of the tone colors; instead, a same set of staed wave- 
form data may be shared for two or more tone colors. In 
the case where a same set of stored waveform data is 
shared, the waveform can be modified as necessary in 
accordance with the JSC control of the present embod- 
iment in combination with any other suitable waveform 
control technique. Further, the plural-cyde waveform 
data stored for a tone may be of either an entire wave- 
form from a rise (start) to fall (end) of the tone or a pre- 
determined looping range of the waveform. In the case 
where the predetermined looping range of the plural- 
cyde Mveform is staed. the waveform data within the 
looping range are read out in a repetitive manner during 
the tone generating period. Further, the plural-cyde 
waveform to be stored may be one maintaining a tone 
volume envelope of the original wavefwm or one having 
a tone volume envelope normalized to predetermined 
l^el. Of course, where a tone waveform, having 
imparted thereto effects including a tone vdim varia- 
tion such as a tremokx is to be stored as an original 
wavefomi. the waveform data are stored wHh the tone 
volume envelope maintained in the original form (or 
processed as necessary) instead of being normalized to 
predetermined level. The plural-stored waveform to be 
stored may be other than one sampled from an external 
source, such as one having undergone any necessary 
waveform processing tike crose-fede synthesis or filter- 
ing. 

To fadlitate a smooth waveform interconnection at 
the point of the shift control in the TSC control, it is pref- 
erable to perfcxm management of the stored waveforms 
i n consideration r 'jch a waveform inter c o nn ecttoa To 
this end, the waveform data to be stored In the wave- 
form memory 1 0 may be managed with the data cfivided 
in advance into a plurality of data sections for manage- 
ment purposes, as wi be described below. 

Namely, the pkirat-cyde wavefomi of a tone is 
divided into a plurality of data (fivleions. each having a 
suitable size, for subsequent management and a shtfl 
control point for the TSC control is set for every such 
data divisions. In this case, the plural-cyde wavefomi 
data of a tone stored in the waveform memory 10 are 
pre-analyzed. and points in the pkjral cydes which are 
in a same phase with each other (same-phase points) 
are determined as respective start points of the tndhnd- 
ual data divisions. In other words, such same-phase 
points are found in the waveform data, and the wave- 



form data are divided at the same-point points to define 
the data divisions. Waveform data over two or more 
cydes may be contained in a single data dhhsion. In 
short, boundaries between every adjacent data divi- 
5 sions are the same-phase points and it is suffident that 
each of the data divisions be defined to be able to be 
smoothly conneded to another data division. The 
same-phase points are points which are identical with 
each other in waveform amplitude value and in sloping 
w direction of the waveform. The same-phase points may 
typically be zero phase-angle points where the wave- 
form amplitude zero-aosses from a negative value to a 
positive value, but may be points of any other phase 
angia Of course, the same-phase pdnts need not nec- 
15 essarity con-espond to a predse phase angle and may 
be an approximate position which could permit a rela- 
tively smooth wav^orm interconnection. Note that each 
of the data divisions does not or need not coincide with 
a pitch cyde corresponding to a fundamental pitch of 
the wavefomi data, and the data divisions need not t>e 
the same in size and may have different sizes as neces- 
sary. Futhermore. it ie preferable that the boundary 
points between the adjacent data divisions be deter- 
mined with resolution finer than a phase angle core- 
spending to one address of the waveform memory 10. 
because this approach oould define the samephase 
pdnts with higher precision. 

By managing the waveform data to be stored in the 
waveform memory with the waveform data divided intoa 
plurality of data cfivlsions in the c^bove-mentioned man- 
ner, the actual read address calculator 16. in response 
to a shift instruction issued from the shift control drcuit 
14 (Rg. 2). can peribnm control such that once the 
actual read address RAD has been advanced to the end 
of one of the data divisions it belongs ta it is shifted to a 
start point of another data dividoa so as to canry out the 
waveform shifting by an amount con'esponding to one 
or mae of the data divisions. Because each of the data 
divisions Is defined in such a manner to smoothly con- 
nect to another data cfivtsion, such read address shifting 
by an amount con^esponcfing to one a more of the data 
divisions, when the actual read address RAO has been 
shifted \n accordance with the TSC control, permits an 
interoonneclion between waveforms of different data 
divisions at points of sUbstantialty the same phase; 
thus, waveforms to be interconnected in fragments 
(each comprising the data division) due to the stretch or 
compression control can be interlinksd smoothly. 

Note that the Iread address shifting by an amount 
corresponding to one or more of the data dtvistons' 
does not necessarily mean that the data readout should 
be initiated at the beginning of a data division of a new 
(i.a, shifted-to) waveform only after the data readout of 
an old (i.e.. shifled-from) waveform reaches the end of a 
data division in question. Namely, the 'read address 
shifting t)y an amount correspondbig to one or more of 
the data dvisions' also indudes a form of control for, in 
response to a shift instruction given during data readout 
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of a data drvtsion of an old waveform, starting reading 
out a data divfsion of a new waveform at a correspond- 
ing intermediate point thereof, tn such a case as well, a 
good phase connection is expected because relativ 
intermediate positions in the two data divisions corre- 5 
spond to each other. If the aoss-fade synthesis is car- 
ried out as in the cunent emkxxjiment a sufficientty 
good, smooth waveform interconnection may be 
achieved e/en with the shrft control carried out at such 
intermediate points of the data divisions. In the following ro 
specific example, such intermediate points of data divi- 
sions are designated by read pointer p. which allows for 
designation of corresponding relative address locations 
in the middle of any data divisions. 

Figs. 7 and 8 are flow charts illustratively showing is 
step sequences of creation and previous management 
of the waveform data to be stored. 

Rg. 7 shows a step sequence of a process for sam- 
pling (recording) desired waveform data from an exter- 
nal source and storing the sampled wavelbrm data into 20 
the waveform memory 10. Rrst. at step Si , a necessary 
storage area is reserved in the waveform memory 10. 
Thereafter, at step S2, the waveform data of the input 
wavefonn (the sampled waveform itself or a wavefomn 
obtained by siisjecting the sampled waveform to suita- 2S 
ble processing) are written into the reserved storage 
area as one file or set of waveform data. TTien, at step 
S3, managing data necessary for the waveform data 
stored in the reserved storage area (such as data incfic- 
ative of a file name of the waveform data and the stor- so 
age area) are written into a predetermined managing 
data area Further, at step S4. "0" is written as a 
stretch/compression enable flag SCEN for the wave- 
form data stored in the storage area. The stretch/oom- 
pression enable flag SCEN is a flag indicating whether 35 
the TSC control according to the present embodiment 
may be carried out or not the flag SCEN at a value '*0* 
indicates that the TSC control should not be carried out 
while the flag SCEN at a value M' incficatee that the 
TSC control may be canied out Because thQ cvrent 40 
embodiment is arranged to carry out the TSC control 
after the above-mentioned *data division' management 
the TSC control scheme can not be carried out unless 
the 'data division* management is executed. Therefore, 
the TSC control scheme can not be canied out at a 45 
stage when only the waveform data have been written in 
the waveform nfemory 10, and this is the reason why 
the stretch/oompresBion enable flag SCEN Is set to the 
value "0* at step S4. The en^e flag SCEN may be 
stored as an attachment of the managing data for each so 
fne. 

Ftg. 9 is a diagram schematically showing an exem- 
plary storage fbmiat in the waveform memory 10. for 
reference purposes. In Rg. 9. %vavefonn ctata fie r is 
an area storing plural<ycle waveform data of a single 55 
tone, and Vaveform data file 2* Is ari area storing plur 
ral-cyde waveform data of another single tone. A great 
number of such storage areas are resented in the wave- 



fomi memory 10. so that plural-cyde waveform data of 
a great number of tones are stored in the individual stor- 
age areas. Note that the waveform data to be stored as 
a file need not necessarily be ail the waveform data of a 
tone input from the external source and may be a 
desired part thereof. Therefore, to reproduc a tone, 
only one of the waveform data files or sets may be used 
in one case, and a plurality of the waveform data files 
n^y be used in arxsther case. 

Referring back to Rg. 8, a "mark process' is for 
defining (marking) the above-mentioned data divisions 
of the waveform data. Rrst at step S5. a desired one of 
the waveform data files for which the data division defi- 
nrti(^ (maricng) is to be conducted is designated and 
read out from the waveform memory 10 for visual pres- 
entatfon on a paper or display Then, at step S6. a plu- 
rality of 'sanrie-phase points' are selected from the 
displayed waveform data list arxj the waveform data are 
divided into a plurality of data divisions on the basis of 
the selected same-phase points, so that the data divi- 
sions of the waveform data are set After that at step 
S7. respective sizes T of the individual data divisions 
are determined and written into the waveform <£vision 
informatfon menxxy 15 (Rg. 2) in association with the 
fae name of the waveform data. Then, at step S8. the 
stretch/compression enable flag SCEN for the wave- 
form data file is set to the value '1* to indicate that the 
TSC control scheme can now be conducted. Note that 
the respective sizes T of the Individual data divisions 
may be stored in the managing data storage area within 
the waveform memory 10; that is. the stored contents of 
the waveform division intormatkxi memory 15 may be 
contained in the managffig data storage area of Rg. 9. 
In the fblfowing descriptfon. absolute address data 
indicative of the respective head addresses of the indi- 
vklual waveform data file stored in the waveform mem- 
ory 10 and data indicative of respective sizes T of the 
individual data divisfons wil be explained as beff)g 
stored in the waveform division information memory 15. 
As noted earfier. it is preferable that the boundary points 
between the adjacent data ^visions be defned 
(marked) with resolutksn finer than a phase angle corre- 
sponding to one address of the waveform memory 10. 
Therefore, the data indicative of respective sizes T of 
the irxSvidual data divisfons each include a decimal 
value rather thah being comprised only of an integral 
value coresponding to the total number of addresses in 
the waveform memory 10. 

Now. a detailed description w» be made about sev- 
eral exemplary appGcatfons of the TSC control scheme. 

[Application to Periodic Tone Modiiatfon Control] 

Rrst a specific exanrple will be desafoed where a 
periodfo modulation effect, such as a vibrato or tremofo. 
is controlled in accordance with the TSC control 
scheme employed in the present embodiment 

To this end. as preliminary operatfons. a vforato or 
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tremok) perlbrmance is actually executed at a predeter- 
mined reference pitch (or in correspondence with an 
optional pitch or note range) by use of a desired natural 
musical instrument such as a stringed or wind instru- 
ment, and a resuttant performance tone is recorded 5 
(sampied) to store th waveform data into the waveform 
memory 10 in the above^desoribed manner. At the 
same time, other necessary information is also staed 
into the vwtvetorm division information memory 15. Pref- 
erably, waveform data of the performance tone without a 10 
predeternr^ned modulation (such as a vibrato) and 
waveform data of the perlbrmance tone with that prede- 
termined modulation are stored, for a predetermined 
tone color (natural instrument tone cola). It is also pref- 
erable to store waveform data of performance tones 15 
con-esponding to several different depths of modulatfon; 
in this case, in order to guarantee comnion effective- 
ness of the TSC control parameter, it is only necessary 
that a performance be executed in such a manner tfiat 
only the modulating depth is varied while the nmlulating 20 
cyde is kept as equal as possible and the tone pitch is 
of course Kept identical for every modulating depth. 

Figs. 10A to 100 are diagrams showing exemplary 
manners in which the waveform data are stored in the 
wavefomfi memory 10 and the waveform data are ss 
divided into data divisions. In the illustrated examples, a 
pluralHcyde wavefomi of attack portion (attack-portion 
waveform) representing a rising portion of a tone and 
plural<yde wavefornr« of looping portion (loop-portfon 
wavefomns) each representing a succeeding sustain so 
portion of the tone are stored in the memory 10. In the 
illustrated examples, the stored loop-portion waveforms 
includes one without modulatfon (Rg. 10B), one with 
medium level modulation (Gig. 10C) and one with great 
modulation (Rg. lOD). and the only attack-portfon ss 
waveform (Rg. 10A) is stored tor use irrespective of 
presence or absence of nxxlulation and levels of modu- 
lation, hfote that these examples are merely tor illustra- 
tive purposes and any suitable wavefonms may be made 
or obtained and stored in any other suitable tona For 40 
exanple, a plurality of attack-portion wavefonms may be 
prepared in corresponding relations to presence or 
absence of modulation and levels of modiiation. In 
Rga 10A to 10U rightmrd arrows represent an 
address incrementing d^ection in the wBvetorm 
cry 10. 

Rg. 10Ashowstheattad(-portfonwavetorm divided 
into "m" (here, "m" is an arfaitFary natural number) data 
division& Here, for oonvenience of descriptton, the data 
divistons are distinguished from each other using varia- so 
ble j that is an ordinal number sequentially taking values 
"0-, -r. "2", .... -m-r. -AO". -Ar. •A2-, ... represent start 
addresses of the corresponding data divisfons and are 
generically denoted as "Aj". nO", Tl", T2". ... repre* 
sent sizes of the con-espoixSng data divisfons and are « 
generically denoted as and the size T] is. tor exanv 
pie. data indicative of the number of addresses (the 
number of wavetorm samples) contained ^ the data 



division and induding a dedmal fraction part as well as 
an integer part as noted earlier. 

Rgs. 10B. IOC and lOD show the loopijortion 
wavetorm divided into + 2' (here, ^n" is an ait)itrary 
natural number) data divisions. Here, depths of nrxxjula- 
tion are distinguished from each other using variable i 
that takes one of values "0", *r and "2-. 1 ■ 0" repre- 
sents absence of rrxxlutation (Rg. lOB). 1 » r repre- 
sents medium level modulation (Rg. 10C). and 1 « 2* 
represents great modulation (Rg: 10D). y is an ordinal 
nurrtw sequentially taking values "-2", "-1 "O*. "1 "T. 
.... -n-r, -AO-2", "^AOO". "AOr. ... -A1-2-. -AIO". "Air, 
.... "A2-2*. "A20*. "A2r. ... represent start addresses of 
the corresponding data divisions in the loop-portfon 
waveforms and are generically denoted as "Aij". Sizes 
of the corespondng data divisions are generically 
denoted as Tij', and the size Tij Is data indicative of the 
nurrtoer of addresses (waveform samples) contained in 
the data dMsfon as in Rg. 10A. 

In each of the loop-portion waveforms, the first two 
data divisions (derxsted by j « -2 and j • -1) constitutes 
"connecting wavetorm segment" provided to guarantee 
a smooth connection with the attack-portion wavetorm. 
whfoh is not subjected to the toop control, i.e. repetitive 
readout: in the iUustrated example of Rg. 100. a loop- 
ing wavefonn segmenT that is to be subjected to the 
loop control or repetitive readout consists of n data divi- 
sions denoted by j - 0. 1, 2 n - 1. The connecting 

waveform segment is a processed segment obtained by 
a cross-fade synthesis between a first predetenmined 
waveform segment smoothly connecting with the end 
point of the attack-portion wavefonn and a second pre- 
determined waveform segment snrKX)thly connecting 
with the start point of the loop-portfon waveform, and it 
serves to provide for a smooth connection a transfer 
from the end point of the attack-portfon waveform to the 
start point of the loop-portion wavefonn With such a 
connecting waveform segment, a smooth interconnec- 
tion is achieved no matter whfoh loopt)ortion waveform 
the attack-portion mveform may be connected to at the 
time of tone reproduction, htote that the looping wave- 
form segment may be a partfoutar range of the aiginal 
waveform whfoh noticeably presents characteristics of a 
modulation effect in question. In such a case, a range of 
the original waveform equivalent to about 1/2 or integer 
miitiple of the mocfulating cyde may be selected, in 
order to prevent unnaturalness of the modi^ng cyde 
based on the toop readout 

In the exarrples of Rgs. 10A to lOD. the waveform 
readout during the reproduction may essentially be by 
the conventionally-known toop readout tecMque. 
except for portions pertaining to the TSC control. 
Namely, once an instruction to start tone generation is 
given, the waveform data of the attack-portion waveftrm 
(Rg. 10A) are read out once from start address AS to 
end address AE. and then the connecting waveform 
segnrant of any one of the loop-portfon waveforms 
shown in Rg& 10B to 100 is read out Thereafter, the* 
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looping waveform segment of the loop-portion wave- 
form is read out in a repetitive manner. As previously 
noted, such looped readout control may b carried out 
in both the actual read address calculator 16 and the vir- 
tual read address calculator 17. or only in the virtual 5 
read address calculator 17. 

When the modulating depth Is changed In real time 
in the course of tone reproduction, the loop-portion 
waveform to be read out Is switched to another one. If. 
for example, the modulating depth Is changed to the 10 
medium level modulation when a particular data dh/ision 
(ag.. j SI 1) in tiie loop-portion waveform of Fig. 10D is 
being read out with the great modulating depth, the data 
readout switches to a corresponding data division (e.g.. 
j - 1) of the loop-portion waveform of Fig. IOC. When an 15 
intermediate modulating depth between the prepared 
depths is desired, it may be provided by reading out two 
or more of the stored wavefonms of different modulating 
depths (e.g.. waveforms of Figs. IOC and 100) and 
interpolatively synthesizing the read-out waveform in 20 
accordance with the desired depth; this approach is 
conventionally known and therefore is not specifically 
shown here. 

The fbitowing paragraphs descrfoe the stored infor- 
mation in the waveform division information awnory 15 25 
with reference to Rgs. 10A to 10O. For example, data of 
the waveforms shown in Figs. lOAtolOD are managed 
as wavefoirms for a given tone color, and the foUowing 
information is stored in the waveform dtvision informa- 
tion nrteniory 15 »6 data divtsk>ninforniation for that tone 50 
color: 

start address (absolute address) AO of the ftrst data 
division of the attack-portion waveform; 

data Q » 0, 1. 2 m • 1) indicative of the respec- 35 

tive sizes T] of the individual data divisions of the 
attack-portion waveform: 

start addresses AO-2, A1-2, A2-2 (each absolute 
address) of the respective f rst data divisions of the 
individual loop-portion waveforms having different 40 
nxxiulating depths; and 

data (i « 0, 1. 2; j - -2. -1 , 0,1 , 2. .... n - 1) incScativo 
of the respective sizes T1] of the Individual data divi- 
sions of the loopportfon wevefoons having different 
modulating depths. 49 

In the waveform division intormatton memory 15. 
there may be stored, in place of orin addition to the data 
indicative of the data division sizes T. abeokite address 
values of the start addresses of the indvidual data divi- so 
sfonsw However, because the absolute address values 
require more bits and hence more data storage space, 
the data indicative of the data divisfon sizes T are more 
preferable becajse they require a smaller number of 
bits. Thus, storing the waveform divisfon information in 55 
the waveform dmjsfon inlbrmation memory 15 as men- 
tioned above is rnore advantageous In that it can effec- 
tively save the limited storage capacity of the memory 



15. 

Because the size 71 or Tij of each of the data divi- 
sions represents a differerKe between the start address 
values of adjacent data divisions, the following relation- 
ships may be obtained: 

Tj ■ Aj+I - Aj 

Tij m Aij+1 - Aij 

Thus, the start addresses Aj and. Aij may be evaluated 
from 

Aj - AO + ZT 

where £T represents a result of cumulatively adding Tj 
in the range of i « 0. 1.2 j-l.and 

Aij - AI-2 + ITI 

where m represents a result of cumulatively adding Tij 

in the range of j- -2, -1,0. 1,2 j - 1. Because each 

of the sizes T] and T^ of the data divisions is of a value 
including a dectn«l fraction part as wefi as an integer 
part conesponding to an address of the waveform 
memory 10. each of the start addresses Aj and A^ of the 
data dfvis'ops c^cutated on the basis of the sizes is also 
of a value including an integer part corresponding to an 
address of the waveform memory 10 and a decimal 
fraction part 

Because, as previously mentioned, the read 
address is shifted by an amount corresponding to one 
or more of the data divisions according to the TSC con- 
trol scheme, the start address Aj or AQ of the shifted-to 
data division may be Mluated using the above equa- 
tion. The register 21 of Rg. 2 stores the thus-evaluated 
start adcfress Aj or Aq of the data division being cur- 
rentiy read out Note that the TSC oontrol scheme 
employed in the present embodnient is applicable to 
reproc&icaon of the attack-portfon wav^brm as well as 
reproduction of the loop-portion wavefonn. While only 
the start adctess Aij is shown in Fig. 2 as stored in ttie 
register, it should be obvfous that the start address Aj is 
stored in the register 21 when the attack-portion wave- 
form is being read out 

The register 1 9 of Fig. 2 stores variable j indicative 
of a data dvisfon bebig currently read out and the reg- 
ister 22 stores variable i indicative of a modulating depth 
of a currentfy read-out toop-portion waveform. To per- 
form aoss-fade synthesis, the data j. Aij and i Micative 
of the cun'entiy read-out data cfivisioa etc of each of the 
primary and subsicfiary cross-fading waveform regfon 
data are stored into these registers 19. 21 and 22. 
respectively. 

Further, the register 20 of Rg. 2 stores the read 
pointer p pointing to one of the actual read addresses 
RAO. The read pointer p is such data that, for each of 
the data divisfons. is set to a predetermined initial value 
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at the beginning of the data cfivision and then sequen- 
tially inaements (or decrements) pehodicalty every pre- 
determined sampling cyde; namely, the read pointer p 
is, so to speeK progressive phase (read address) data. 
Actual read address RAD in the form of an absolute 5 
address value ts generated by adding the start address 
Aj or Aij of the data division to the read pointer p. As well 
known, if each address of the waveform memory 10 is 
expressed in an integral value, pitch information is rep- 
resented in a value including a decimal fraction part: 10 
thus, the read pointer p is a value including a decimal 
fraction part Accordingly, when the data readout is to 
shift from one (first) data division to another (secorxj) 
data division, a value of the size Tl or Tij (including a 
decimal fraction part) of the first data division is sub- 15 
tracted from a current value of the read pointer p (also 
including a decimal fraction part), and the subtraction 
result or difference is added, as an initial value of the 
read pointer p of the second data division, to the start 
address Aj or Aij of the second data division. This is also 20 
a conventionally-known approach for accurately achiev- 
ing a desired pitch frequency and hence wiU not be 
described in greater detail hera In the cross-fade syn- 
thesis, the read pointer p is shared for the primary and 
subsidiary cross-fading wavefonm region data, i.e. 25 
between the primary and subsit^ary cross-lading chan- 
nels. 

Although not specif icaily shown, registers similar to 
the registers 19. 20. 21 and 22 are also provkjed in oon- 
nectfon wrth the virtual read address calculator 17. 30 
Because the subskjiary cross-fading waveform regfon 
data is required in the virtual read address calculator 
17. it is only necessary to store one set of variables i 
and j and start address Aq (or AD for the primary aoss- 
^ngwavefomn region data. Of course, the contents of 38 
the read pointers pin the actual read address cakxriator 
16 and In the virtual read address cateulator 17 differ 
from each other. Mae spedffoaly, while the read 
pointer p in the actual read address calculator 16 kicre- 
ments at a rate or advancing sk3pe conesponcfing only 4o 
to the "pitch infonnatfon', the read pointer p in the virtual 
read address cafoulator 17 inaements at an skspe ca- 
responding to a value determined by variably controlling 
tt)e pitch information with a stretohfeonyiessfon ratio 

SCR. 45 

Whereas variable i has been described above as 
con'esponding to a modulating depth because the 
description has been given in relation to modulatfon. it 
may correspond to any other waveform nfiodulating fac- 
ta or parameter as tongas it designates a variatfon of a 30 
waveform. For example, the present inventton may be 
practiced using, as variable i, any desired wavefomi 
modulating fiacta such as a variable incficative of bright- 
ness of a tone cotor, performance intensity (velocity) a 
elapsed time from a start point of tone generation, a a ss 
mere random number* 

The fraifowing paragraphs describe a detailed 
example of processing canied out during tone repro- 



duction. 

Rg. 1 1 is a f tow chart illustrating a main routine of a 
processing program run by the control unit 102 of Rg. 1. 
Upon power-on of th device, the main routine is acti- 
vated, where after a predetermined initializatkxi proc- 
ess at step S11. regular routines including key switch 
processing (step Si 2). perfonnance operata process- 
ing (step SI 3) and setting operata processing (step 
Si 4) are carried out in a repetitive manner. In the key 
wvitch processing of step Si 2. various operations are 
executed in response to a key-on or key-off event on the 
keyboard 101 A; ttiat is, a key-on event process of Rg. 
12 is executed upon detection of a key-on event (i.e.. a 
tone generating instruction). In the performance opera- 
ta processing of step Si 3. various operations are exe- 
cuted in response to activation of any of the other 
performance operators 1018, as iOustratively shown in 
Rg. 13. In the setting operata processing of step S14. 
various operations are executed in response to activa- 
tion of any of the setting operators 100. Instead of the 
keyboard 101A and the other peribrmance operators 
1018 being drectiy connected to the control unit 102, 
there may be provided tn a MIDI interface droit so that 
key^on/key-off performance infonnation and other pa- 
fomiance information is supplted. as MIDI infomation, 
to the control unit 1 02; this alternative can appropriately 
pertonn processes similar to those of Rga 11 to 13 by 
checking the contents of the supplied MIDI information. 

Rflfening tiom to Rg. 12. once a key*on event has 
been detected. Inform a tion (e.g., key code KC) lndk»- 
tive of a pitch of the tone related to the detected key-on 
event (i.e. the tone designated fa sounding) is staed 
into a note nurrtoa regista NN, and infonn a tton indica- 
tive of initial touch intensity (l a. vetodty data) of the 
tone related to the detected key-on event is staed into 
a vetodty register VEU at step S15. Thea at step S16, 
any one of a plurality of channels is selected and 
assigned as a tone generata channel CH for sounding 
a audiale generation of the designated tone, and a 
unique channel numba of the assigned channel is 
staed into an assigned channel regista ASR. Thaeaf- 
ta, at step S17, various irtfomatfon necessary fia the 
tone generation, such as wavefonn selecting infonna- 
tion con-esponding to a currentiy-selected tone cda 
and envetope infonnation. is set into one of the control 
registers 1 1 3 (Rg. i) designated by the channel numba 
staed in the assigned channel regista ASR. Hae. the 
Mveform selecting infamation is such information 
specifying particula mveform data to be used fa the 
tone generation in the channel: nxye spedficafly; this 
information designates four wavefomrs, like those 
shown in Rgs. 10A to 10D, from among a plurality of 
sets of waveform data stored in the waveform memory 
10. Furtha. the envetope information is such infonna- 
tion indicating target value data and variation rate data 
fa each broken Hne (incfinations of the incivtoud broken 
lines) fa fomnng a 'broken-line'* envetope fa controlling 
tone volume a the like. 
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Among various information set in the control regis- 
ter 113 of Fig. 1 are key code KC. tone cokx code TC 
and some of other intormation INF shown in Rg. 2. Fur- 
ther, in association with the stored content of the 
assigned channel register ASR, there is set. in the con- 5 
trol register 113. "pitch Intormation" carespondlng a 
pitch frequency of the tone allocated to the channel on 
the basis of the staed conterrt of the note number reg- 
srter NN. Alsa in association with the stored content of 
the assigned channel register ASR. there are set In the w 
control register 113. initial values of modulating depth 
information ML and nxxlulating speed (or nrxxiulating) 
infomration MS. Further, in association with the staed 
content of the assigned channel register ASR. there are 
set in the control register 1 13. various target level data 75 
and variation rate data to be used for envelope forma- 
tion. Specific pieces of information to be («ed fa gener- 
ating tone signals on a channel-by^hannel basis are 
conventionally known and may be of any deeired 
design, atthough not descnbed here in detail. Various 20 
data and infomiatfon thus set in the control register 1 1 3 
for the individual channels are fed to the waveform gen- 
erating section 111 and tone volume control sectfon 
112. Rnally. at step SI 8. a note-on signal instructing 
tone generatfon in accordance with the stored content ^9 
of the assigned channel register ASR Is fed to the wave- 
form generating section 111 and tone volume control 
section 112 by way of the control regsiter 113. In 
response to the notfr<xi signal, the waveform generat- 
ing section 111 andtonevolumecontrol section 112 ini- 30 
tiate operations to read out a wavefonn and to form and 
generate a tone volume envefopa These operations in 
the wavefonm generating section 1 1 1 and tone volume 
control section 112 are canned out for the indrndual 
channels on the time-divisfonal bas^ ^5 

In the performance operator processing of Rg. 13. 
a determination is first made, a! step Si 9. as to whether 
predetermined detection timing has arrived, in order to 
detect operational states of the indKndual performance 
operators every predetermined detection timing. If the 40 
determination is in the affirmative (YES) at step S19. 
data indfoative of the respective operattonal states of 
the Individual ofrformance operators (or performance 
infbnnatfon) are stored, at step S20, into corresponding 
regsiterregfons in the control regi6ter113; for example. 45 
after-touch data is stored into register regfon AT and 
operating data of the wheel operator (wheel data) is 
stored into register region MR Real-time control of the 
tone to be generated is executed using these operating 
data (or pertormanoe intormation) as a cor^parame- so 
ter. The toltowing steps S21 and S22 pertomi cpera- 
tfons to aeate a control parameter for modulation 
control; for exanpte. at step S21. modulating depth 
information ML is set in accordance witti the after-touch 
data stored in register regton AT. and st step S22. mod- 55 
ulating speed Infbnnation MS is set in accordance with 
the wheel data stored in register regton MH. It should be 
obvious that details of these information ML and MS 



may be set variably depending on any other factors. 

Th above-mentioned modulating speed informa- 
tion MS is processed in the converting section 18 as 
necessary so that it can be used as a basm for genera- 
tion of data of the stretch/conpression ratio SCR. For 
exampi , if the modulating speed information MS is of a 
predetermined natural value, the stretch/compression 
ratio SCR is set to "V so that the aiginai nx)dulating 
cycle (modulating speed) is used without stretching or 
compressing the stored waveform data atong the time 
axis, if ttie modulating speed infonnation MS is of a 
value greater or smaller than the predetemiined neutral 
value, then the stretch/compresston ratio SCR is set to 
be greater a smaller than "1" so that control for repro- 
ducing ttie stored wavefonm data sb-etched or com- 
pressed atong the time axis through the TSC control 
schente of the present embodiment to tt)ereby inaease 
or deaease the original nxidulating cyde (modulating 
speed) can be carried out without influencing or charig- 
rng the pitch of the to-be^^enerated tone at all. In ttie 
case where the TSC control scheme is applied to 
another purpose ttian the modulatton. it is only neces- 
sary that control data intended for that purpose be sip- 
plied to the converting section 18 in place of the 
mocMating speed ffiformation MS. The oonverttog sec- 
tion 18 of Rg. 2 is capable of variably controlling the 
manner of converting the modulating speed information 
MS and other input intormation into data of the 
stretch/compression ratio SCR; that is. the converting 
section can vari^ control the converston function. 

NsDct a description win be made aboU behavtor of 
the waveform generating section 111 after reception of 
the note-on signal, with reference to Rgs. 2 to 4 and 1 0. 

Rrst the start address AO of the first data cfivision 
of a given attackixxtion waveform is read out from ttie 
waveform division information memory 15. in accord- 
ance with wavefbrm selecting information such as tone 
color code TC and key code KC. The read-out start 
address AO is fed to the actual read address calculator 
16 and virtual read address calculator 17 and is then 
set. as start address Aj. into the current-data-division 
start address registers 21 in the cafoulators 16 and 17 
(namely, Aj 4- AO). 

Alsa a value "0* is set as variable j indicating ader 
of data diviston. into the re^stera 19 in the c^cufators 
1 6 and 1 7. Also, tn response to variable j » 0^ data incfic- 
ative off the size TO of the first data diviston is read out 
f^om the waveform division intormation memory 15 and 
then set into a predetennined internal register: that ia, T] 
4- TO. 

Note that because the number of data divisions m 
of the attack-portion waveform and the number of data 
divistons n off the tooping waveform segment would vary 
depending on the waveform, lets assume here that data 
indicative of the nunbers m and n can be read out from 
ttie waveform diviskri cnfornriation nieniory 1 5 in accord- 
ance with the wavefbrm selecting information such as 
tone color code TC and key code KC and then used for 



21 



41 



EP0856 830A1 



42 



contrd purposes. 

In response to the supplied note-on signal, the 
actual read address calculator 16 and virtual read 
address calculator 17 initiate operations to arrthmeti* 
cally generate actual read address RAO and virtual s 
read address VAD. respectively, using the start address 
AO as an initial valua The actual read address calcula- 
ta 16 and virtual read address calculator 17 arrthmeti* 
caity generate the read addresses in a practically same 
manner, arxj hence the following paragraphs mainly io 
describe the address generating operations carried out 
in the actual read address calculator 16. The major dif- 
ferences between the adcfress generating operations in 
the actual read address calculator 16 and in the virtual 
read address calculator 17 are. as previously men- is 
tioned, that only "pitch infamation" is used, as data 
determining the inaemental variation width (variation 
rate), in the actual read address calculator 16 while a 
value obtained by controlling the pitch infornvition with 
stretch/compression ratio SCR is used, as such deter- 20 
mining data, in the virtual read address calculator 17, 
and that arithmetic operations for cross-fade synthesis 
are canied out only in the actual read address calcula- 
tor 16. 

Although rt has been stated that the registers 19. 21 25 
and 22 are provided both for tiie primary cross-fading 
waveform region data and for the subsidiary cross-fad- 
ing waveform region data, the following paragraphs only 
refer to the registin 19. 21 and 22 for the primary 
crossing waveform region data unless specifically 30 
stated otherwise. 

The read pointer p is reset to "0" in response to the 
note-on signal, after which the read pointer p in the 
actual read address calculator 16 is inaemented regu- 
lariy by a variation width (variation rate) corresponding ss 
to the pitch information while the read pointer p in the 
virtual read address calculator 17 is inaemented regu- 
lariy by a variation width (variation rate) coresponding 
to a value obtained by controlling the pitch information 
with the stretc^compresston ratio SCR. This resi'lB a 4o 
difference in the advancing slope between the actual 
read address RAO and the virtual read address VAO. 

The actual read address RAO is calculated by add- 
ing the read pointer p to the start address Aj of the cur- 
rem data dMsion; that is, by the folowing equation: 4S 

RAD-Aj<i.p 

The virtual read address VAO is calculated in a sinv 
ilar manner; that is* if the start address of the cwent so 
data cfivision is represented by Aj' and the read pointer 
is represented by p', it may be calculated by the follow- 
ing equation: 

VAO-Aj' + p' 59 

Because the actual read address RAO and virtual 
read address VAO are generated independently of each 



other, the start address (Aj) and the like are provided for 
each of the addresses RAO and VAO. 

Sample data of the attack-portion waveform (wave- 
form data W1) are sequentially read out from the wave- 
form memory 10 in accordance with the actual read 
addresses RAO generated by th actual read address 
calculator 16. As noted eariier. the actual read address 
RAO includes integral and dedmal fraction parts, so 
that tine waveform data W1 are read out from tiie wave- 
form memory 10 in accordance with the integer part of 
the actual read address RAO and an intefpolation is 
made, by the interpolating circurt 11, between the sam- 
ple data in accordance with the decimal fraction part of 
the actual read address RAO. 

Then, once the read pointer p has become greater 
in value ttian the size Tj of the current data division, i.e.. 
p > Tj, tNs means that the waveform readout of the cur- 
rent data division has been conpieted. and thus a pre- 
detennined renewal or ipdating operation is performed 
for a transfer or shift to the next data division. That is. a 
difference between the values p and T] is set into the 
register 20 as a new read pointer value, and a value 
obtained by adding the size T] of the cun-ent data divi- 
sion to the start address Aj of the cun^ent data division is 
set into the reg8fter21 as a start address Aj of the next 
data divisfon as folfows: 

P4-P-T1 

A|*-Aj + Tl 

Then, variable j set in the register 19 is incremented by 
one: that is. j 4- J > 1 . 

Thereafter, similar operations are repeated such 
that the waveform data W1 are sequentially read out 
from the waveform memory 10 and a sHft from one data 
division to another sequentiaBy occurs as the read 
pointer p is mremented at a rate correspondng to the 
pitch information. 

Then, once the readout of the last data division of 
the attack-portion waveform has been completed, con- 
trol proceeds to one of the stored loop-portion wave- 
tomis. To maintain data cont^urty. the read pointer p is 
i43dated similarty to the above-mentioned; that is, 
p 4- p - T) . where T] represents the size of the last data 
divisfon of the attack-portion waveform (Tm-1). 

To read out such a loopi)ortion waveform, a value 
of variable i for selecting one of the loop-portkxi wave- 
forms con^esponcSng to a desired modulating depth is 
determined by reference to modulating depth infonna- 
tion ML, and the detenmined value is set into the register 
22. In addHkxi. as variable j indicative of a position (in 
the data division order order) of a particular one of the 
data divisions, a value '-2" representing the first data 
division of the loop-portion waveform is set into the reg- 
ister 19. Then, in accordance with the two variables i 
and j. the start address Ai-2 of the Trst data division of 
the kxip-portion waveform is read out from the wave- 
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form division information menwy 15 and set into the 
cun'ent-dataKjivision start address register 2i as start 
address Aij; that Is, Aij ^ Ai-2. Further, in accordance 
with the two variables i and j, data indicative of the size 
Ti*2 of the first data division is read out from the wave- 5 
form dviston information memory 15 and then set into a 
predetermined internal register; that is. Tij 4- Tl-2. 

As noted earfier in relation to the attack-portion 
waveform readout, the actual read address RAO is cal- 
culated by adding the read pointer p to the start address 10 
Aij of the current data division; that is. by the following 
equation: 

RAO « Aij *f p 

15 

As mentioned, the read pointer p in the actual reed 
address calcutator 1 6 Is Incremented regularly by a var- 
iation width (variation rate) con-esponding to the pitch 
infonmation. so that waveform data W1 of the loop-por- 
tion waveform are sequentially read out from the wave- 20 
form memory 10 in accordance with the actual read 
addresses RAO generated by the actual read address 
calculator 16. 

Then, once the read pointer p has beconie greater 
in value than the size Tl] ctf the curent data division. i.a. 25 
p > Tij. operations are carried out to renew ttie read 
pointer p. set a start address Aij of the next data dMsion 
and renew data-division specifying variable j as follows: 

P4-p-Tli 30 

Aij 4- Aij + T!j 

j<-j + 1 

3S 

Thereafter, similar operations are repeated such 
that the waveform data W1 (and waveform data W2 as 
well) are sequentially read out from the wav^onn mem- 
ory 10 and a sequential shift from one data division to 
another occurs as the read pointer p is Incremented at a 4o 
rate con-esponding to the pitch information. 

Then, once the readout of the last data division of 
the loop-portion waveform has been completed, control 
gets back to tiie first data division of the looping wave- 
form segment (Rg. 10) for subsequent repetitive 48 
(looped) readout of the loopffig waveform segment con- 
sisting of V data dlvMona. 

Corrpletkxi of the readout of the last data <fiviston 
can be identified from es ta b lishm ent of the concfitfon of 
p>T^similartytotheabove-mentioned,when j«n* 1 . so 

To get back to the first data cfivision of the looping 
waveform segment operations are carried out to renew 
the read pointer p, set a start address AiO of the first 
data division of the looping waveform segment as a 
start address Aij of the next data division and reset 55 
data-division specifying variable j to 0 as follows: 

P4-P-T5 



Aij <- AiO 
j<-0 

It should be obvious that for ihe repetitiv (looped) 
readout, the actual read address RAO and virtual read 
address VAO have to advance together in a looped 
fashion. To this end, it may be only necessary that as 
the actual read address RAO is moved back to the first 
data dmsion of the loopng waveform segment, the vir- 
tual read address VAO be simultaneously moved back 
to a near-start point of the looping wavefonm segment 
while maintaining a distance or difference from the 
actual read addiress RAO. Conversely, it may be suffi- 
cient tiiat the virtual read address VAO be moved back 
to the first data drviskxi of the looping wavefam seg- 
ment when the drcuitry for generating the actual read 
address RAO detects completion of readout of the last 
data dh/iskxi of the looping waveform segment and the 
actual read address RAO be simultaneously rrx^ved 
back to a near-start point of the looping waveform seg- 
ment while maintaining a distance from tfie virtual read 
address VAO. 

On the basis of the above-mentioned operations, 
actual read addresses RAO and virtual read addresses 
VAO are generated from the actual read address cak^u- 
lator 16 and virtual read address caloiator 17. respec- 
tively, and the waveform data are sequentially read out 
from the waveform memory 10 in accordance with the 
actual read addresses RAO. As noted above, where the 
stretch/compression ratio SCR is T, the read pointers 
P in ttie actual read address calculator 16 and virtual 
read address calculator 17 take a same value and ttie 
actual read address RAO and virtual read address VAO 
coindde with each ottter. However. As ttie stretch/com- 
preesion ratio SCR is changed from ttie value T to 
effM time-axis stretch/concession control of ttie 
waveform data, ttiere occurs a difference in advancing 
sk3pe between ttie actual read address RAO and ttie vir- 
tual read address VAO. Thus, according to ttie TSC con- 
trol scheme employed in ttie present embodiment, 
control is performed such ttiat ttie advancing inclination 
of ttie actual read address RAO generally fdfows ttiat of 
ttie virtual read address VAO while ttie actual read 
address RAO is maintained at an advancing slope cor- 
responding to a desired pitch, as previously noted. Such 
control wil be descnbed befow in greater detaH. 

In Rg. 2. ttie shift control circuit 1 4 constantty mon- 
itors a deviation or difference of ttie actual read address 
RAO from ttie virtual read address VAO so ttiat it issues 
a shift instruction to ttie actual read address calculator 
16 once ttie difference has exceeded a predetermined 
reference valua The predetermined reference value in 
ttiis embodiment is set to be some percentage (e.g.. 
1/2) of ttie size T] or Tl| of ttie current data dMskxi. 
alttioughrtmaybesetoptfonalty.Tottits end. data indc- 
ative of ttie size T] a Tj of ttie current data divisfon is 
given to ttie shift control drcuit 14. In tun. ttie shift con- 
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trot drcurt 14 gives tfie actual read address calculator 
16 a shift instruction, along with information identifying 
direction or polarity of the deviation or difference, i.e., 
whether the actual read address RAD is greater than 
the virtual read address VAO (as in the exanrple of Fig. 5 
4) or smaller than the virtual read address VAD (as in 
the example of Fig. 3). In response to the shift instruc- 
tion, the actual read address calculator 16 operates in 
the following manner. 

Namely, in response to the shift instruction, the 10 
actual read address calculator 16 identifies one of the 
data divisions to wNch the actual read adcftress is to be 
shifted and then unique division number j of the shifted- 
to data division into the register 19 provided for the sub- 
sidiary cross-tading waveform region data. For conven- 15 
ience of description, the shrfted-to data division is 
hereinafter represented by reference character j(new). 
Typically, the unique division number of the shifted-to 
data dvision is fj^eater or smaller than that of the cur- 
rent data division by one (i.e. the order number of the 20 
cufTent data division plus one or minus one). Namely, if 
the actual read address RAO is greater than the virtual 
read address VAO as in the example of Fig. 4. then 
j(new) ■ j - 1 . If the actual read address RAO is smaller 
tfian the virtual read address VAO as in the example of 25 
Fig. 3, then j(new) « j -f 1 . 

Thereafter, the start address Aj or Aj of the shffted- 
to data divisioh is read out from the waveform dMSion 
infonnation memory 15 and stored into the register 21 
for the subsidiary crpss-tading waveform reopon data. 30 
For convenience of desaiption, the start address Aij or 
Aj stored into the register 21 for the subsidiary cross- 
ing waveform region data Is represented by refer- 
ence character Aij(new). 

Using the same read pointer p as for the primary sa 
cross-fading waveform region data, the actual read 
address RA02 for the subsidiary aoss-fading waveform 
regon data is calculated as follcws: 

RA02 • Aij(new) ^ p 40 

In this way. a new actual read address is aeated. which 
is equivalent to a result of shifting the actual read 
address RAO for the primary aoea-tacfing wavetonn 
region data immediately before the shift kistruction by 46 
an amount corresponefrig to one data cSviston. The new 
actual read adcfrees Is output as actual read adcfress 
RA02 for the subaitfiary crosa-Mng waveform region 
data. On the other hand, the actual read address RA02 
continues to vary in value in aooordance with variation so 
of the read pointer p as follows: 

RAO«AI]^p 

In the above^nentioned manner, waveform data « 
W1 corresponding to the actual read address RAO for 
the primary aoss-fading waveform region data and 
waveform data W2 conresponding to the actual read 



address RA02 for the subsidiary cross-tading wavefam 
region data are read out from the waveform memory 10 
and fed via the interpolating circuits 11, 12tothe cross- 
lade syrrthesis section 13. 

In response to the shift instruction from the shift 
control circuit 14, the cross-fade synthesis section 13 
executes cross-fade synthesis between the waveform 
data W1 and W2 of the primary and subsidiary cross- 
fading waveform region data. More specifically, the 
shifted-to (target) waveform data VV2 are scaled with a 
coefficient function progressively increasing from coeffi- 
cient "0* to coeff ident M " (I.e.. a function of coefficients 
having decimal fraction parts), while the waveform data 
W1 are scaled with a coefficient function progressively 
decreasing from coefficient T to coefficient "O" (i.e., a 
function of coefficients having decimal fraction parts). 
The thus-scaled waveform data W1 and W2 are then 
additively synthesized. In this example, the fading- 
in/Tading-out relationship between the primary and sub- 
sidiary cross-fading mvefbrm region data is opposite to 
that shown in Figs. 3 and 4; however, the cross-fade 
synthesis produces the same result 

Upon completion of the cross-fade synthesis, the 
primary^subsidiary relationship between the registers 
19 and 21 is rmrsed in order to change the shifted-to 
actual read address RA02 into the actual read address 
RAO for the prinrtvv.cross-fecfing waveform region data; 
that is. 

j 4r- j(new) 

Aij 4- Aij(new) 

Then, generatfon of the actual read address RA02 fbr 
the subsidiary aoss-facting waveform regfon data is ter- 
minated. Thus, for the cross-fade synthesis, the wave- 
fonn region of the waveform data W1 can be constantly 
scaled with a iialHng characteristic while the wavefvm 
region of the wavelbnn data W2 can be constantly 
scaled with a rising cnaracteristic; further it is not neces- 
sary to switch the actual read address RAO to be fed to 
the control unit 14. which would thereby achieve 
reduced cumbersomeness and enhanced convenience. 
It is also possiale to not reverse the primary-subsidiary 
relationship between the registers 1 9 and 21 ev«i after 
the crosa-fiade synthteis: in this case, however, it is nec- 
essary to alternately use the rising (increasing) and fall- 
ing (diminishing) seeing characteristics for the 
waveform regions of the waveform data W1 and W2 and 
also alternately feed the actual read adt^esses RAO 
and RA02 to the shift control drcurt 14. 

In case there occurs a need for a shift between the 
data dh^isions before completion of the cross-fade syn- 
thesis, it is only necessary that the shift between the 
data dMsions of the primary arxJ sutssidiary aoss-tad- 
tng waveform regfon data be controlled on the basis of 
operatfon of one of the wavefbnm regions for which the 
shifted-to data division j(new) is being read. Namely. 
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once the read pointer p has become greater in value 
than the size Tij(new) of the shifted-to data division, the 
difference between the read pointer p and the size 
Tij(new) is set as a new value of the pointer p; that is, 
p 4- p - Tij(new) . 5 
Then, the start addresses Aij for th primary and sub- 
sidiary cross-fading waveform region data are updated 
by comnrKyi size data Tij(new) as follows: 

Aij 4- Aij + Tlj(new) io 

Also, the values j(new) and j are each incremented by 
one as follows: 

j(new) 4- j{new) + 1 ^ is 

Alternatively, the start timing of the cross-fade synthesis 
may be controlled in such a manner that a need for the 20 
shift does not arise in the course of the cross-fade syn- 
thesis. 

Note that generation of the virtual read address 
VAO is continued during the cross-fade synthesis; how- 
ever, in the course of the aoss-fade synthesis, the com- 2S 
parison between the addresses RAO and VAD may be 
suspended optionally. 

Here, to pr^e the same primary-subsidiary rela- 
tionship for the cross-fade synthesis as shown in Fig& 3 
and 4. it is only necessary that in response to the shift so 
instructfon from the shift control circuit 14. data j and A9 
of the primary cross-Ming waveform region data (i.e.. 
primary cross-fading channel) stored in the registers 19 
and 21 be transfen'ed to the registers for the subsidiary 
cross-fading wavefonm region data 0-^. secondary 35 
cro^-fading channeO and data j(new) and Aij(new) of 
the shifted-to data division be set into the reefers for 
the primary cross-fading waveform region data prf- 
mary cross-fKlIng channel). In such a case, waveform 
data W1 become target values, so that for the croes^ 4o 
fade synthesis, the grotp of the waveform data W1 is 
constantly scaled with a rising characteristic while the 
group of the wavefomi data W2 is constantly scaled wHh 
a falOng characteristia 

In the case where no crtM-fade synthesis is car- 46 
ried out. data jmJAI of the currertt data division may 
be directly replaced with data j(new) designating a 
shifted-to data division and its start address AiXnew). in 
response to a shm instruction issued from the shm con- 
trol circuit 14. Then, the actual read address RAO is so 
shifted by an amount coffespond i ng to one data divi- 
sion, as shown in Fig. 3 or 4 in heavy sofid Itna In this 
case, the shift instruction may be Issued when the 
wavefomi readout of the cirrent data cfivision has 
anived at the last address of the data division: this way, 55 
a smooth transfer or interconnection is reiiaUy achieved 
between same-phase points when the last waveform 
segment of the current data division is to be ynkBd to the 



first wavefonn segment of the shrfted-to data division. 

In the above-mentioned manner, stretch/compres- 
sion ratio SCR is set in accordance with modulating 
speed information MS. and virtual read addresses VAO 
having their advancing slopes controlled in accordance 
with the stretch/compression ratio SCR are generated 
as shown in Fig. 3 a 4. On the other hand, actual read 
addresses RAD are generated as shown in Rg. 3 or 4 
after having been intennittemty stretched or com- 
pressed along the time axis to follow variations in the 
virtual read addresses VAO while maintaining slopes 
corresponding to a basic tone pitch as dictated by pitch 
information, in response to which wavefam data are 
read out from the waveform memory 10 after having 
been controlled to be stretched or conpressed along 
the time axi& Thus, in reading out high-quality plural- 
cycle wavefcxm data, having a modulation effect 
irrparted thereta from the waveform memory 10. the 
modulating cycle (modulating speed), i.e., readout loca- 
tions along the time axis can be variably controlled 
freely in accordance with the modulating speed informa- 
tion MS, and ttnis it is possfole to provide a high-quality 
modulation effect of enhanced controllabitity. 

Note than when the modulating speed information 
MS is changed in real time diring tone generatioa ttie 
stretch/compression ratio SCR would vary in accord- 
ance wftii tiie changed modulating speed information 
MS and hence the virtual read addresses VAO would 
also change in advancing slopa As a resiit ttie stretch 
or conpression, along tite time axis, of a reproductivety 
readKXit waveform can be variably controlled overtime. 

The cross-fade synthesis section 13 can also be 
activated when tiie modulating depth is varied. Namely, 
when ttie modulating depth ML is changed in value and 
ttiere occurs a need to change variable i in tiie regsiter 
22. changed variable Knew) and start address of a data 
cSvision conrespondng tiiereto Ai(new)j are set into ttie 
registers 21 and 22. respectively, for ttie subsidiary 
cross-fadkig waveform regpon data (i.e.. in ttie subsidi- 
ary aoss-fadng charmel). 

Using ttie same read pointer p as for ttie primary 
aoss-foding waveform region dcrta. the actual read 
address RA02 for ttte subsidiary cross-fading wavefam 
region data is calculated as foOows: 

'RA02.Ai(new)j^p 

In ttiis way. an actual read address designating a new 
waveform after ttie modulating deptt) change is created 
and output as an actual read address RAD2 for ttie sub- 
sictiary crossing waveform region data. The actual 
read adcfress will vary as ttie read pointer p varie& 

On ttie ottw hand, ttie actual read address desig- 
nating ttie wavefonm before ttie modulating deptti 
change will continue to vary witti ttie variation of ttie 
read pointer p as follows: 

RA0-A9>p 
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in the above-mentioned manner, waveform data 
W1 corresponding to th actual read address RAO tor 
the primary aoss-fading waveform region data and 
waveform data W2 corespondtng to the actual read 
address RAD2 for the primary cross-fading waveform 5 
region data are read out from the waveform memory 1 0 
and fed via the interpolating circuits 11 . 1 2 to the aoss- 
fade synthesis section 13. 

In response to a nfxxJulating<fepth changing 
instruction from the actual read address calculator 16. 10 
the cross-fade synthesis section 13 executes aoss-fade 
synthesis between the waveform data W1 and VV2 read 
out through the primary and subsidiary cross-fading 
channels. More specifically, the shifted-to (target) wave- 
form data W2 read out through the subsidiary cross-fad* is 
ing channel are scaled with a coeffictent function 
progressively Inaeasing from coefficient "0" to coeffi- 
cient (i.e., a function of coefficients having decimal 
fraction parts) tor fade-in. while the waveform data W1 
read out through the primary cross-fading channel are 20 
scaled with a coefficient functfon progressively decreas- 
ing from coefficient T to coefficient "0' (i.e.. a function 
of coeffictents having decimal fraction parts) for fade- 
out The thus-scaled waveform data W1 and W2 are 
then additively synthesized. 25 

Upon completion of the cross-fade synthesis, the 
primary-subsidiaiy relatfonship between the registers 
21 and 22 is remed in order to change the target 
actual read address RA02 into the actual read adtfress 
RAO for the primary cross-fading waveform region data, x 
in a similar manner to the above-mentioned; that is, 

Aij ^ Ai(new)j 

i i(new) 35 

In this way. a waveform shift or transfer is effected, via 
smooth cross-tade. from the old waveform before the 
modulating depth change to the new waveform after the 
modulating depth change. 40 

Also h this case, if there occurs a need for a shift 
between the data divisions before completion of the 
cross-fade synthesis, it is only necessary that the shift 
between the data divisions in the the primary and sub- 
sidiary cross-fading channels be controOed on the basis 45 
of operation of one of the channels tor which the shifted- 
to data division j{fm^ is being read. Alternativefy. the 
start timing of the croee-fade synthesis may be control- 
led in such a manner that a need for a shift does not 
arise in the course of the cross-fade synthesta. so 

The above descriptions are nwely for illustrative 
purposes, and various changes and modificatfons 
including the following are possUe without departing 
from the basic concepts of the present invention. 

As an example, waveform data, representing a tone 55 
color, as shown in Rgs. IDA - 100 may be stored for 
each of a plurality of note ranges. In such a case, the 
total length of the attadt-portion wavefonn and each of 



the loop-portion waveforms rmy be set to be different 
between the note ranges or be the same for all the note 
ranges. Further, the total length of each of the looping 
waveform segments may also be set to be different 
between th note ranges or be the sam for all the note 
ranges. 

While the present invention has been described, in 
relatfon to Rgs. 10A - 100. as storing two sets of modu- 
lation-effect-imparted waveform data con-esponding to 
two different levels of modulating depth, one or three or 
more sets of such waveform data may be stored. 

As previously noted, it is most preferable that the 
sets of stored waveform data, each having imparted 
thereto a nrxxjulation effect of different depths, have as 
similar pitch and modulating cycle as possible; however, 
this is not necessarily essential. Because, differences in 
pitch and nrx>dulating cycle can be adjusted, by appro- 
priately controlling the pitch information and 
stretch/conrpression ratio SCR. during generation of the 
actual and virtual read addresses RAO and VAO. in 
such a manner that the pitch and OKSdulating cycie 
become practically the same for all the sets of stored 
waveform data. 

Further, the waveform data stored in the waveform 
niemory 10 need not necessarily be one having a peri- 
odto modulation effect imparted thereto; that is. wave- 
form data with any other type of modulation may be 
stored. Tonal factor to be modulated may be other than 
frequency or tone volume, such as tone color. 

Furthermore, it is not necessarily essential to store 
an attack-portion waveform in the waveform memory 
10. and only loop-portion waveforms may be stored. A 
decay-portion waveform with a rising tone characteristic 
may be stored in addition to the loop-portion waveforms 
(and attack-portion wavefonm) so that the generated 
tone is deadened by reading out the decay-portion 
waveform, in place of the loopiX)rtion wavefonn, after 
detection of a kay-off event Furthermae. a plurality of. 
rather than just one. foop-portion wavefomis may be 
stored, for each tone, so as to pennt 8witchk)g readout 
of the foop-portion waveforms over time; for example, 
one kxpsxartion wavefonn may be readout a plurality of 
timee and then another loop-portion waveform may be 
readout a plirality of time& In another modtfication. 
waveform data of a full waveform from a start to end of 
a tone to be generated may be stored. 

In another modification, some of the wavefonm data 
stored tn the waveform memory 10 may be shared 
between different tone cofors, between different note 
ranges of a same tone color, or between other different 
situations, as necessary. 

Moreover, the number of frequency-conesponding 
cycles in each data division of wavefonn data stored in 
ttie waveform memory 10 may be one or more than one, 
and may be an integral or non-integral number. Also, 
start points of the indivkJual data divisions need not nec- 
essarily be in a same phase and may be of any other 
intenelation as fong as they serve to provxie a smooth 
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connection between two waveform regions. 

Waveform data stored in the waveform menxxy 10 
need not necessarily be managed in data divisions. 
Namely, the TSC control scheme of the present inven- 
tion is applicabie to waveform data that are not divided s 
into data divisions for managemerrt. 

Further, whereas the read pointer p and start 
address Aij or Aj have been described as updated for 
each data division read out from the waveform memory 
10, the same read pointer p arxj start address Aij or Aj io 
may be successively used to sequentialty read out a 
plurality of the data divisions. In such a case, however, it 
is necessary to provide two read pointers p, one tor 
each of the primary and subsidary cross-fading wave- 
form region data. For example, in response to a shift is 
instruction from the shift control circuit 14. aoss-fade 
synthesis may be canied out after initial values of start 
address Aij(new) or Aj(new) of a shifted-to data division 
and read pointer p may be set into the registers for one 
of the subsidiary cross-fading waveform r^lon data 20 
which is currerrtly not under waveform data readout 

It should be obvious that the abGve-nr)entioned 
modifications are applicable not only to cases where the 
TSC control scheme is used to read out a stored wave- 
form having a modulation effect inparted thereto but 25 
also to cases where the TSC is used for any other pur- 
poses. 

[Modtfication of the TSC Control Scheme] 

30 

Figs. 14 and 15 are diagrans showing examples 
where virtual read addresses VAO are generated with a 
nonlinear characteristic. More specificafly. Rg. 14 
shms a case where virtual read addresses VAO are 
generated with an exponential function characteristic 35 
while Fig. 15 shows a case wtiere virtual read 
addresses VAO are generated with a logarithmic func- 
tion characteristic. For these purposes, the organization 
of the waveform generating section 1 11 of Fig. 2 can be 
used without requiring any particular mod^llcMm. 40 
However, it is necessary to mocflfy the organization of 
the converting section 16; the conv e rt in g section 1 8 has 
to be provided with an esqponential function generator or 
a logarithmic function generator so that in response to a 
"notfr^" signal, str etohfeo rrpression ratio data SCR la 48 
generated which varies with an eoponential function 
characteristic or a lo ga rithmic fvnc^ characteristic in 
accordance wHh passage of time from the beginning of 
a generated tone Also in thte case, generation of actual 
read addresses RAO is controlled, in accordance with so 
the TSC control scheme of tha present invention, to fbl- 
low a nonlinear advance of the virtual read addresses 
VAO white maintaining a constant advancing slope rela- 
tive to a desired pitch, as shown. Of course, actual read 
addresses RA02 for the subsidiary cross-fading wave- ss 
form region data may be gerYerated. as necessary for 
aoss-fade synthesis, as in the above<lesabed pre- 
fered embodiment This way, waveform data stored in 



the waveform menwy 10 can be reproductively read 
out in a nonlinearly stretched or compressed condition. 

It shoM be obvious that the TSC control scheme 
based on such nonlinear virtual read addresses VAO 
ar applicable not only to the above-described modula- 
tion-effect impartment control but also to any otheir pur- 
poses. Because the illustrated nonlinear virtual read 
addresses VAO follow a basic address advance path 
according to the pitch information for a given period 
elapsed from a starting point of generation of a tone (the 
starting point of the time axis shown in Rgs. 14 and 15 
oon-esponds to the the tone generation starting point), 
no substantial stretch/compression is effected during 
the given period. Thus, for an attack portion, control for 
not effecting stretch/compression can be readily per- 
formed. r4amely. in the case of modulation-effect 
impartment control, it is poss^e to prevent differences 
between the actual read addresses RAO and the virtual 
read addresses VAO from becoming excessive for an 
attack portion, even where modulation speed informa- 
tion MS indicates a relatively great value from the begin- 
ning of the attack portion. Exanrples using such 
nonlinear virtual read addresses VAO witt also be 
described later in relatksn to Figs. 41 and 42. 

Figs. 16 and 17 are diagrams showing examplee 
where the TSC control scheme functions to keep a total 
toneijenerating time substantially constant irrespective 
of a pitch variation of tone to be generated, as con- 
trasted with the foregoing ocamples. 

In these figures, dot-dash lines each denotes a 
basic address advance based on the pitch information, 
and the example of Ftg. 16 presents a greater address 
advancing slope and hence higher tone pitch than in the 
axanple of Fig. 1 7. Sk)pe of vi rtual read addresses VAO 
denoted in heavy broken line is the same in both the 
examples d Figs. I6and 17. Further, as in the example 
of Fig. 3 etc each so6d line represents an advance of 
actual reed addresses RAO and each ripple-shape line 
represents an advance of actual read addresses RA02 
for the subskfary aoss-fUng waveform region data to 
be used for aoss-fade synthesis. For these purposes, 
the organization of the waveform generating section 
111 of Fig. 2 can be used without requiring any particu- 
larnrKXjificatkxia. It is only necessary to modify the read 
pointer p for us^ in the virtual read address calculator 
1 7 in such a mariner that it varies at a rate based on pre- 
determined pitch rate data irrespective of a pitch as die- 
tated by the pitch informetkyi of a tone to be generated: 
namely, predetermined prtch informatkyi. other than the 
"pitch information of a tone to be generated", is input to 
the virtual read address calculator 17. However, 
assume here that the read pointer p for use in the actual 
read address calculator 16 is caused to vary in accord- 
ance with the Ipitch inform a tton of a tone to be gener- 
ated*. Also in these cases, the advancing slcpe of 
virtual read addresses VAO can be variably controlled in 
accordance with a value of stretch/conpression ratio 
data SCR and stored waveform data can be controlled 
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to be stretched or compreesed along the time axis. 

The TSC control scheme based on such virtual 
read addresses VAO varying inespecth/e of a tone pitch 
is of course applicabie to the above-descnbed modula- 
tion-effect impartmern control but also to any other pur- s 
poses. In the case where a same stored waveform is 
read out at different tone pitches, this TSC control 
scheme can always provide for a same tone-generating 
time length, by "apparently" stretching waveform's time 
locations tor a relatively high pitch and "apparent!/ to 
compressing wavetomi's time locations tor a relativeiy 
low pitch. If applied to the modulation-effect impartnient 
control, for instance, the TSC control scheme allows the 
cyde of the modulation effect to not vary even when 
there occurs a tone pitch variation. is 

Several examples of control based on the TSC con- 
trol scheme have been descnbed so tar in relation to 
Figs. 3. 4 and 14- 17. and it should be obvious to those 
skilled in the art that waveforms as shown in Figs. 5 and 
6 can be controlled to be stretched/compressed atong 20 
the time axis by a combination of some or all of these 
exanrples. 

[Positive Modiiation Control Based on the TSC Control 
Schem^ 2s 

Using the TSC control scheme of the present inven- 
tion, periodc or non-periodic modulation control can be 
positively performed on a tone waveform to be repro- 
duced. Such control can be applied to looped a repeti- so 
tive readout of a staed waveform, in order to effectively 
minimize or eliminate monotonousness resulting from 
the repetition of a same looping waveform segment 

Rg. 18 is a dagram. similar to those of Fig. 3 etc.. 
illustratively showing advances or variations of virtual 38 
read addresses VAD and actual read addresses RAO 
when periodic or non-periodc mocyatfon control is to 
be canied out by the TSC control. 

In this case, the virtual read address VAO is caused 
to periodicalty vary {or non-periodicaly swing) as 40 
shown, in response to which the actual read address 
RAO repeats a data shift or junrp to foOow the swing of 
the virtual read address VAO while maintaining a basic 
advancing slope based on pitch infonmation of a tone to 
be generated. For this purpose, ttie organization of the 48 
waveform generating sectton 111 of Rg. 2 can be used 
without requiring any parHato nr)odmcatfon6: however, 
it is necessary to aOow stretOVcompre ssi on ratfo data 
SCR. generated from the converting secttonia to peri- 
odically or non-pehodk»Ry fluctuate about a predeter- so 
mined reference value T. To achieve this, a suitable 
modulated waveform signal may be used as 'other infer- 
mation' that is to be fed from the control register 113 
(Rg. 1) to the converting section 18. In response to this 
modulated waveform signal, the converting section 18 ss 
generates data of stretch/compression ratfo data SCR 
whose value periodicalty or non-periodically fluctuates 
about the predetermined reference value '1 in accord- 



ance with which the virtual read address calculator 1 7 
can generate virtual read addresses VAO that vary in 
the manner as shown in Fig. 18. Note that where the 
present control is applied in an attempt to eliminat 
monotonousness resulting from the looped readout, th 
address starting point may be used as a starting point of 
the looped readout so that an attack portion of the tone 
is not sut>jected to the control of Fig. 18. 

In the example of Fig. 18. the waveform staed in 
the waveform memory 10 need not necessarily be one 
with previously-imparted modulation. Rg. 19 is a dia- 
gram, similar to that of Rg. 10. showing an example of 
plural<ycle waveform data for a tone that are to be 
stored in the waveform memory 10. Specifically, tor the 
single tone, an attack-portion wavefam and a foop-por- 
tion waveform are stored and managed in data divisions 
in the aforesaid manner. In this case, it is not necessar- 
ily essential to provide a "connecting waveform seg- 
merrr prior to the foop-portfon waveform as shown in 
Rgs. 10A - 100. because the attack-portfon waveform 
and loop-portion wavefomi correspond to each other in 
a one-tOK)ne relation. Namely, it is only necessary that 
the attack-portion waveform and toop-portion waveform 
be originally made so as to continuously connect with 
each other. The too^hportion waveform of Rg. 19 con- 
sists of "n' data divisfons and all these data divisions 
are read out in a looped or repetitive manner: that is, 
start address AOO of the first data divisfon in the loop- 
portton waveform oon-esponds to a looping start 
address LS. In the event that if the attack-portfon wave- 
form and loopixxtfon waveform are aigirially made so 
as to not continuously connect with each other, then a 
'connecting ^Mvefomn segment*, similar to that of Rgs. 
10A- 100. may of course be provided priatotheloop- 
pcrtfon waveform. 

Note that the waveform of Rg. 19 may be made by 
sampling a tone sounded through a normal style of per- 
formance on a natural musical Instrument or the like and 
need not be one with prevfously-inparted modulation 
as in the above^lescribed preferred embodiment 

Further, it is preferable that the loop-portion wave- 
form to be stored in the wavefonm memory 10 be previ- 
ously processed in such a manner that its last and frst 
waveform segments can smoothly connect with each 
other during the tooped readout For example, cross- 
Cade syntfiesis may be performed between last and first 
waveform segments of a waveform, extracted from an 
original waveform as a loop-portfon waveform, to 
thereby create a connecting wavefonn segment and 
the thus-created connecting wavefomi segment may be 
stored as a last segment of the loop-portfon wavefonn. 
Further, the attack-portfon waveform to be stored in the 
waveform memory 10 does not necessarily have to be a 
whole of an aiginaify made attack-portfon waveform 
and may be one obtained by cutting off an intermediate 
pvt of the origirad and peridrming aoss-iade synthesis 
between the remaining end parts of the original. Of 
course, a pliffality of waveforms each having attack-por- ' 
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tion and loop-portion waveforms as shown in Rg. 19 
may be prepared and stored for a plurality of note 
ranges, one tor each note range, as pre\nousiy stated. In 
such a case, the respective storage spaces, in the 
waveform menxxy 10. for the respective note ranges. 5 
may be set to be the same or Afferent as necessary; if. 
for example, the respective storage spaces are the 
same, the number of cydes in stored waveform data are 
smaller for lower note ranges than for higher note 
ranges because the nunrter of samples per cyde is w 
greater for the lower note ranges. 

Where the control Is perfamed according to the 
example of Fig. 19, the same main routine and key-on 
event process as shown in Rgs. 11 and 12 may be exe- 
cuted by the control unit 102 (Rg. 1). The modulated 1$ 
waveform signal may be generated via performance 
operator processing in the main routine, and the per- 
formance operator processing may be carried out in a 
manner as shown in Rg. 20. In the performance opera- 
tor processing ol Rg. 20. a determinatfon is first made. 20 
at step S30. as to whether predetermined oontrol timing 
has anived or not in order to generate a sample value 
of a modulated waveform signal every predetermined 
control timing. If the determination is in the afrinmative. 
control goes to step S31 in order to generate current 25 
sample value data of the modulated waveform signal. 
The cun-ent sample value data may be generated by 
incrementing by one the read address of a memory stor- 
ing a desired modulated wavefonn and reading out one 
sante value data in accordance with the incremented ao 
read address. In this case, the modulated waveform 
stored in the memory may be of any optional strape. 
such as a non-penodic swinging waveform as well as 
periodic sine waveform. Alternatively, a low-frec^jency 
osdllator (LFO) may be errployed for generation of the 3d 
modulated waveform, or a random number generator 
may be used and a random number generated thereby 
may be used as cun-ent sample value data of the modu- 
lated waveform signal directly or after being processed 
as necessary. In the latter case, random modulation 40 
controlis carried out by the TSC oontrol schenm At next 
step S32. stretch/compression ratio setting information 
is generated In accordance with the generated sample 
values of the modulated waveform signal This 
stretch/compression ratio setting information is fed by 45 
way of the control reositer 113 (Rg. 1) to the waveform 
generating section 111, from which it is transferred as 
data of stretchfcompression ratio SCR to the virtual 
read address calculator 17 drectty or by way of the con- 
verting section 18 (Rg. 2). Step S32 may be omitted, so 
and the sample value data of the modulated waveform 
signal may be fed to the converting section 18 so that 
the converting section 18 generated data of 
stretch/compression ratio SCR corresponding to the 
modulated waveform signal. 55 

The virtual read address calculator 17 modulatee 
the "pitch information' with the stretch/conpression 
ratio data SCR that varies in accordance with the mod- 



ulated waveform signal as mentioned above, and then 
generates virtual read addresses VAO varying at a rate 
corresponding to the "pitch Information*. The thus-gen- 
erated virtual read addresses VAO have been swing- 
modulated periodically or non-periodlcally as shown, for 
exampi . in Rg. 18. Then, as illustratively shown in Rg. 
18. the actual read address calculator 16 generates 
actual read addresses RAO that are Intermittentiy 
shifted by the TSC control, in response to the swing of 
the virtual read addresses VAO while maintaining an 
advandng slope con-esponding to the pitch information. 
Thus, by reading out tiie stored waveform data from the 
waveform memory 10 at a constant rate con-esponding 
to the tone pitch while jumping back and forth along the 
time axis of the waveform data, a waveform can be gen- 
erated which has undergone spedal modulation oontrol 
to cause repetition of time-axis stretch and compression 
of tfie stored waveform. Thus, by applying such special 
modulation control to, for example, repetitive readout of 
a loop-portion waveform, the actually read-out wave- 
form can be significantiy varied by ttie TSC oontrol even 
when the same loop-portion waveform is repetitively 
read out thus effectively eSminating morKjtonousness 
due to the repetitive readout. 

It should be obvious that the above-described mod- 
ulation control is useful not only for eliminating monoto- 
nousness due to the repetitive readout but also for any 
other purposes.' For example, the modulation control 
can be advantageously applied to a situation where it is 
desired to positively or freely impart 'swing' to a to-be- 
generated tone so as to achieve a special tonal effect 

[Application of TSC Control to Various Special Perform- 
ance Styles] 

Electronic musical instrument implementing the 
TSC control may indude. inplaceof the keyboard 101 A 
and performance operators 101B. a MIDI interface 
derice for receiving, from an external source, necessary 
perfonnarca information in MIDI tomiat and generating 
a tone waveform on the basis of the MIOI performance 
information. In such a case, the organization of the elec- 
tronic musical instrunent may be modified In a manner 
as shown in Rg. 21. In Rg. 21. the electronic musical 
instrument includes, in place of the keyboard 101 A and 
perfomiance operators 101 ft a MIDI Interface device 
101 and performs tone reproducing operations based 
on the TSC control by means of the oontrol unit 102. 
tone generator unit 103, eto. Here, information desig- 
nate any of perlormme styles, such as vibrata trem- 
ota. slur and pitch bend, is also supplied to the 
instrument in MIDI format In the waveform memory 10 
(Rg. 2), plural-cycle waveform data corresponding to 
these perfonmance styles are prestored in such a condi- 
tion where they are managed in data divisions to be 
suited for the TSC control, as previously noted. Of 
course, the electronic musical instrument may Include 
the MIOI Interface device 101 In addition to. rather ttian 
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in place of. the keyboard 101 A and performance opera- 
tors 101 B. 

Note that the current MIDI standard is not designed 
to include the Inforniation designating any one of per- 
formance styles' in MiOl inforn^tion. and thus the infor- s 
mation may be supplied as a MtOI exclusive message. 
The exclusive message is data that is defined, accord- 
ing to the MIDI standard, tor tranter of information hav- 
ing a function unique to a maker in question (i e., maker- 
specific function). w 

In Rg. 21. the main routine of the processing pro- 
gram run by the control unit 102 includes an operatk)n 
for ascertaining whether MIDI infbrn^tion has been 
received via the MIDI interface device 101 . so that MIDI- 
input event processing is carried out as shown in Fig. is 
22. when MIDI intormatk>n has been received. 

In the MIDI-input event processing of Rg. 22. the 
received MIDI information is read In at step S40, and the 
content of the received MIDI intormatwn is detenmined 
at step S41 . If the received MIDI information represents 20 
a note-on event control proceeds to step S42 in order to 
perform a note-on process corresponding to a desig- 
nated performance style. Specif kally. the note-on proc- 
ess is carried out using a waveform suited to a 
performance style determined by an interrupt process 25 
of Rg. 25 as will be later described. An example of the 
note-on process is shown in Rg. 23. 

If the received MIDI information represents a pro- 
gram change (PC), then control proceeds to step S43 in 
order to perform a program change process oorre- 3o 
spondng to the content of the program ch^e informa- 
tfon. 

Further, if the received MIDI information represents 
data for controlling in real time a currently generated 
tone, then control proceeds to step S44 in order to per- as 
form a real-time control data receotfon process corre- 
sponding to the content of the real-tin>e control data. If 
the received MIDI informatfon is control change infor- 
mation, then the real-time control data reception proc- 
ess corresponding to the content of the control change 40 
infonnation is earned out at step S44 In a manner oone- 
sponding to the perfonnance style; that is, at this step 
S44. the real-time control data receptton process is car- 
ried out using the waveform suited to a performance 
stytedeterminedbytheinterrtfjtprocessof Rg. 25. In 49 
the event the received MIDI informatkyi is another mee- 
sage than the control change i n formatfon. the process 
of step S44 is executed as a process that shoukJ be car- 
ried out when control data Is received for controlling in 
real time a curently generated tona For example, even so 
when the MIDI message is a \olce message*, the proc- 
ess of step S44 is carried out if the voice message 
includes control data for controlfing in real time a tone 
like "^itch bend*, because "pitch bend" is normaffy 
included in a voice nrrassage according to the MIDI ss 
standard. As an example, the realtime control data 
reception process may use a processing routine as 
shown in Rg. 24. 



If the received MIDI information Is other than the 
above-mentioned, control proceeds to step S45 in order 
to carry out operations corresponding to the content of 
the other information. 

The note-on process shown in Rg. 23 comprises a 
step sequence similar to that of the key-on event proc- 
ess shown in Rg. 12. Namely, infornratfon (e.g., key 
code KC) indicative of a pitch of the tone related to the 
detected note-on event (i e, the tone designated for 
sounding) is stored into the note number register NN. 
and infomrwtion indicative of initial touch intensity fi ^. 
velocity data) of the tone related to the detected note-on 
event is stored into the vefocity register VEL at step 
346. Then, at step S47, any one of the plurality of chan- 
nels is selected and assigned as a tone generator chan- 
nel CH for sounding or generation of the designated 
tone, and a unique channel number of the assigned 
channel is stored into the assigned channel register 
ASR. 

Thereafter, at step S48. various infonnatfon neces- 
sary for the tone generatfon, such as wavefomi select- 
ing infonmatfon conesponding to a cunently-selected 
tone color, perfonnance style, etc. and envefope infor- 
mation, is set into the control register 1 13 (Rg. 21) des- 
ignated by the channel number stored in the assi^ied 
channel register ASR. 

As prevkxisly stated, the waveform selecting infor- 
mation is such ffiformation specifying particiiar wave- 
fomi data to be used for the tone generation in the 
channel; more specifcafly. this Infonmtkm designates 
some of a plurality sets of waveform data stored in the 
waveform memory 10. Further, as previously stated, the 
envelope information is such inform a tion indfoating tar- 
get value data and variatfon rates (sfopes of broken 
Jmes) for Hxtrmg a bnaken-line envelope for controlling 
tone volume or the like. Among various informatfon set 
in the control register 113 are key code KC, tone color 
code TC and some of other information INF shown in 
Ra 2. Further, in association with the stored content of 
the assigned channel register ASR. there is set in the 
control register 1 13, Ipitch infonnatfon' corresponding a 
pitch frequency of the tone aflocated to the channel on 
the basis of the stored content of the note nunber reg- 
siter NN. Also, in assodatfon with the staed content of 
the assigned channel register ASR. there are set in the 
control register 1 1 3.' various target level diata and varia- 
tion rate data to be used for envelope fbnmation. Spe- 
cific pieces of informatfon to t>e used for generating tone 
signals on a channel-by-channel basis are convention- 
ally known and may be of any desired speafkatfon, 
although not described here in detaM. N^arious data and 
infonmation thus set in the control register 1 13 for the 
individual channels are fed to the waveform generatvig 
section 1 1 1 and tone volume control section 1 1 ^ 

At stsp S48. operatfons are canted out on the basis 
ofaperformance style determined by the intenx^jt proc- 
ess of Rg. 25. More spedncally, the waveform selectmg 
information is generated for selecting a dedicated wave- 
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fam cofTesponding to th deterrrdned performance 
style and set into ttie control register 1 1 for the corre- 
spondng channel. If the determined performance style 
is not a spedai one. step S48 sets such waveform 
selecting information br selecting a normal waveform s 
that does not corresponds to a special perfonnanc 
style. If the determined perlbrmanc style is vibrata 
tremolo or the like, step 48 sets such wavefam select- 
ing information for selecting a waveform that has a pre- 
determined modulation effect (vibrata tremolo or the w 
like) imparted thereta If the determined performance 
style is a pitch bend, then step 48 sets such waveform 
selecting information for selecting a waveform that has 
a predetermined pitch bend effect imparted thereta If 
the determined performance style is a slur, then step 48 is 
sets such waveform selecting Information for selecting a 
waveform that has a predetermined slur effect imparted 
thereta Further, if the determined performance style is 
other than the above-mentioned, then step 48 sets such 
waveform selectir)g information for selecting a predeter- 20 
mined wavefam that corresponds to the other perfornrv 
ance style. 

Finally, at step S49. a note-on signal instructing 
tone generation in accordance with the stored content 
of the assigned channel register ASR Is fed to the wave- 25 
form generating section 111 and tone vdume control 
section 112 by way of the control regsiter 113. In 
response to the note<xi signal, the waveform generat* 
ing section 111 and tone volume control section 112 ini- 
tiate operations to read out the waveform and to form 30 
and generate a tone volume envelope. These opera- 
tions in the waveform generating section 111 and tone 
volume control section 1 12 are canied out for the ind- 
vidual channels on the time-divisional basis. 

Ftg. 24 is a flow chart showing an example of the 35 
real-time control data reception process at step 344 of 
Rg. 22. which is activated in response to reception of 
data for controlling a cun-entiy generated or soitfiding 
tone in real time. 

In the real-time control data reception process of 40 
Fig. 24. the received control data is read in at step S50. 
and a determination is made at next step S51 as to 
whether the received control data is "pitch bend* data 
that designates a pitch deviation amount from the des- 
ignated tone pitch stored in the note number register 45 
NN. if the determination is YES at step S51, control 
goes to step S52. where it is checked whether or not 
pitch fluctuation control based on the pitch bend data 
should be carried out using the normal wavefbrm (with 
no pitch fluctuation control prevfously imparted therM). so 
If a dedicated waveform having pitch fluctuation control 
prevfously imparted thereto (such as the vixato- 
imparted waveform, s^-imparted wavrtdrm or vforato- 
imparted waveform) is to be used, then a negative 
determination results at step S52. so that control goes 55 
to step S53. At ^ep 353. waveform selecting intorma- 
tfon for selecting* the prtch-ffoctuation-inrptfted wave- 
form dedicated to the curent detenmined performance 



style (such as vibrato, slur or pitch bend) is set into the 
control register 1 13. and then the wavefbmi of the cur- 
rentiy generated tone is replaced by an optional wave- 
form segment of the pitch-fluctuation-imparted 
waveform con-esponding to th pitch bend data. 
Namely, because pitch fluctuations have been imparted 
to stored waveform data of such a pitch-fluctijation- 
inrparted waveform along its time axis, it is possible to 
read out waveform data having imparted thereto a pitch 
fluctuation corresponding to the pitch deviation amount, 
i.e.. selectively read out a waveform segment having a 
pitch corresponding to the pitch deviation amount, by 
designating particular locations (virtual read addresses) 
in the stored wavefonn data of the pitch-fluctuation- 
imparted wavefonn in accordance with the pitch devia- 
tion amount designated by ttie current pitch bend data 
If, on the ether hand, the normal waveform Is to be 
used rather than the pitch-fluctuation-imparted wave- 
forms, tfien an affirmative determination results at step 
352. so that control goes to step 354. At step 354. ttie 
pitch information of the currentiy generated tone is mod- 
ulated in accordance with the pitch deviation amount 
designated by ttie cun-ent pitch bend data to ttiereby 
pitch-modulate read addresses, so ttiat ttie wavefbrm 
data controOed to provide a pitch fluctuation are read 
out 

If ttie received control data is nc^ pitch bend data 88 
detennined at step 351 , control proceeds to step 355 in 
order to ottier operations for controlling ttte currentty 
generated tone in real time. Fbr example, if ttie received 
control data is data for tremokx operations generally 
similar to ttiose of ttie above-mentioned steps 352 to 
354 are carried out for tremokx Namely, ttie dedicated 
tremok>Hmparted waveform corresponding to the trem- 
ofo control data is selected, and ttie wavefonn of ttie 
currentty generated tone is replaced by a wavefam 
segment of ttie waveform data stored at focations corre- 
sponding to a ttemoto control amount designated by ttie 
control data. Among ttie other control data used in ttie 
pnxees are 'after-touch" included in a MIDI voice mes- 
sage and "modulation depth*, "breatti data" and 
"expression" included in a 'control change' message. 
Note ttiat in ttie real-time control data reception opera- 
tions based on ttie other control data, ttie wavefam 
replacement may or may not be conducted depending 
on ttie nature of ttie control data. 

As noted above, ttie intennpt process shown in Rg. 
25 is arranged to determine a performance style so as 
to select a predetermined one of ttie waveforms ttiat is 
suited to ttie determined performance styla Note ttiat 
ttiis intenrupt process may be executed witti a fower pri- 
ority over other processes. 

Rrst at step 360. a determination is made, on ttie 
basis of MIDI information having been supplied so far. 
as to which performance style shoukj be used for repro- 
ductive performanca Then, at next step 361. it is deter- 
mined whettier or not ttie determined performance 
differs from a currentty-employed performance styla If 
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there has been no change in the performance styte as 
determined at step S61. the interrupt process is termi- 
nated. If. however, there has been a change in the per- 
formance style, then control proceeds to step S62 in 
order to further determine what th new performance 
styte is. and a waveform selecting process is performed 
in a manner corespondng t the new perfonrtance 
style at any one of steps S63 to S67. 

More specifically, at $tep S60. timewise interrelation 
between the MIDI information so tar received may be 
analyzed. With such analysis, it Is possible to know, 
dearly or to some degree, which performance style is 
being used or should be used. The '^101 information so 
far received* is pieces of MIDI informatfon received 
within a predetermined period or a predetermined 
number of pieces of MIDI informat'on. Alternatively, the 
received MIDI information may be delayed by a prede- 
termined time so that the tone is controlled by the 
delayed MIDI informatfon; thus, it is possft>le to deter- 
mine the performance style from pieces of MIDI infor- 
mation received within a predetermined perfocl In tha 
past and future or a predetennned number of pieces of 
MIDI information received in the past and futura 

If the new perfonrtance style has been found to be 
a non-special performance style at step S62. control 
goes to step S63. where waveform selecting information 
for selecting a predetermined normal wavefam (that 
does not correspond to a special performance style) Is 
set into th% control regsiter 1 13 (Fig. 21) so as to return 
the cun'entfy generated tone to the normal waveform. If 
the new performance style has been fdund to be 
"vibrato" or '^emofo' at step 862. ttien control goes to 
step S64. where waveform selecting information for 
selecting a waveform having a predetermined modula- 
tion effect imparted thereto Is set into tiie control reg- 
siter 113 so as to sal the waveform of the currently 
generated tone to the modulation-effect irrparted wave- 
form. If the new performance style has been found to be 
"pitch bend' at step S62.tiien control goee to step S^, 
where waveform selecting information tor selecting a 
waveform having a predetermined pHch-bend-effect 
imparted thereto is set into the control regsiter 113 so 
as to set the waveform of the cuaentiy generated tone 
to ttie pitch-bend-imparted wavetorra If the new per- 
formance styte has been found to be 'slur* at step S62. 
then control goes to step S68, where wevefdrm select- 
ing information for selecting a waveform having a prede- 
termined slur effoct imparted ttrareto is set into the 
control regsiter 1 1 3 so as to set tiie waveform of the cur- 
rentty generated torw to the slur-inrparted waveform. 
Further, if ttie n«w performance style has been found to 
be otiier tiian ttie above-mentioned at step S62, ttien 
control goes to step S67. where waveform selecting 
infonmation for selecting a predetermined waveform 
having an ottier-performance-style effect imparted 
tt)ereto is set Into ttie control regsiter 113 so as to set 
ttie waveform of ttie currentty generated tone to ttie 
ottier-performance-style-eftect-inparted waveform. 



Note ttiat ttie operations of ttie individual steps of Rg. 
25 are candied out on ttie channel-by-channel basia 

In ttie case where ttiere has been a change in ttie 
pertonnance style as determined at step S61. ttie new 

5 performance styte is continued until step S61 next 
detects a change in ttie performance style. In tone gen- 
eration based on note-on ^ent data received during 
continuation of a particular performance style, wave- 
form data con-esponding to ttie particular performance 

10 styte is designated as wavefomi data to be used for 
generating a tone. Once a performance styte change is 
detected after start of ttie tone generation, the wave- 
form data for ttie tone being generated is changed to 
ttiat corresponding to ttie new perfamance styte. 

13 ttirough ttie Operations of step6S62 to S67. Even vtrfien 
ttie waveform data for the tone being generated is to be 
changed like ttiis, ttiere may be applied aoss-fade syn- 
' ttiesis ttiat is performed by means of ttie aoss-fade syn- 
ttiesis section on ttie basis of readout of ttie waveform 

20 data for two. primary and subsidiary, cross-fiading wave- 
fomi region data In ttiis case, ttie waveform data before 
and after ttie ^lange can be smoottily interconnected 
by ttie cross-tade synttiesis section initialing cross-fade 
synttiesis such ttiat ttie readout of ttie waveform data 

25 corresponi£ng to ttie new performance style is started 
for one of ttie cross-fading wavetonn region while ttie 
readout of ttie wavefonm data having been used so far is 
continued for ttie ottier cross^facfing waveform region. 
Next a description win be made about exemplary 

30 manners in which waveform data ooaesponding to sev- 
eral perfomiance styles are stored and subsequentty 
read out for reproduction. 

Rg. 26 shows, at (a), an exemplary storage format 
of waveform data correspond^ to pitch A and also 

38 Shows, at (b). an exeniplary Storage fomiat Of waveform 
data coresponding to pitch B. Each of ttie waveform 
data includes an attack-portion waveform and a foop- 
portion waveform similarly to ttie SDcample of Rg. 19. 
Further, at (c) of Rg. 26 is shown an exemplary storage 

40 format off a waveform con'esponding to a slur from pitch 
A to pitch B. I.e. a slur-imparted waveform of a transient 
regfon to effect a slur from pitch A to pitch a Alsa at (d) 
of Rg. 26 Is shown an exemplary storage format off a 
waveform, oorreeponding to pHch A, for a pitch bend. 

46 which includes a ben6 waveform corre sp onding to a 
pitch-bend portion and a looping waveform correspond- 
ing to a portion maintaining ttie bent pitch. The wave- 
form at (d) off Rg. 26 may further include a bend-beck 
waveform (represented in broken-line bfod^ to be used 

so for resuming ttie original pitch. Where no bend-t>ack 
waveform is stored, bend control may be performed to 
resume ttte original pitch by repetitively reading out ttie 
tooping waveform. 

Rg. 27 shows examples in which ttie waveform is 

$5 read out when a sbir performance is to be effected. At 
(a) of Rg. 27 is shown an ocanple where ttie attack-por- 
tion waveform off the wavefomi data corresponding to 
pitch A is first read out from ttie wavefomn memory 10 
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and then the loopisortion waveform is repetitively read 
out and where a change to pitch B through a slur per- 
formance is instructed during the loop-portion waveibrm 
read^ In response to the slur instruction, th wave- 
form readout operation shifts to a predetermined slur 5 
wavefbmi (shown at (c) of Rg. 26) to thereby read out 
the slur waveform from the wavefomi memory 10. and 
then, upon completion of readout of the slur waveform, 
the waveform readout operation shifts to the wavetonn 
data corresponding to pitch B thereby read out the w 
waveform from the wavefomi memory 10. At (b) of Rg. 
27 is shown another exanple where no time-axis 
stretch/compression based on the TSC control ts car- 
ried out during readout of the slur waveform. At (c) of 
l^g. 27 is shown still another exanple where time-axis ,5 
compression based on the TSC control is cam'ed out 
during readout of the slur waveform, while at (d) of Rg. 
27 Is shown still another example where time-axis 
stretch based on the TSC control is carried out during 
readout of the slur waveform. By employing tiie TSC so 
control, only the time length of the slitf performance can 
be variably controlled without changing a pitch variation 
width (from pitch A to pitch B) within the slurring period. 

Ffg. 28 shows examples in which the wavefomi is 
read out when a pitch bend performance is to be ^ 
eftected. At (a) of Rg. 28 is shown an exan^ where 
the attack-r.oftion waveform of the waveform data corre- 
sponding to pitch A is first read out from ttie wavefomi 
memory 10 and then the loop-portion waveform is 
repetitively read out and where a pitch bend is 30 
instructed djring the toop-portion waveform readout In 
response to the pitch bend instruction, the waveform 
readout operation shifts to a predeternrvned bend wave- 
form (shown at (d) of Rg. 26) to thereby read out the 
bend waveform from the waveform memory 10, and 38 
then, upon completion of readout of the bend waveform, 
the wavefomi readout operation shifts to the bend-back 
waveform data. Upon completion of readout of the 
bend-back waveform, readout ol the loop-portion wave- 
form corresponding to original pitch A is resumed. A! (b) 40 
of Rg. 28 is shown another example where no time^axis 
stretch/conpr ession based on the TSC contrd is car- 
ried out dicing readout of the indMdual pltch-bend- 
related waveform& At (c) of Rg. 28 is shown stil 
another example where time-axle sirelch/conpressfon 45 
based on ttie TSC control is earned out during readout 
of ttie individual pMvbend^elated waveforms. By 
enploying the TSC oontrol. only the time length of the 
pitch bend performance can be varitfjiy controlled with- 
out changing a pitch variation width (i.e., a variation 50 
to a predetemvned deviation mount f^om pitch A) 
wfthin ttie pitch bend period. 



tor 1 7 outputs data indicative of a data division which 
a current virtual read address VAO belongs to rather 
ttian ttie virtual read address VAD itself and ttiat ttie 
shift control circuit 14 makes a comparison between 
data divisions j and f associated witti current actual and 
virtual read addresses RAD and VAD rattier ttian 
between ttie actual and virtual read addresses RAO and 
VAO and ttien generates a shift instruction on ttie basis 
of ttie comparison result. Namely, the cofrparison made 
by ttie shift control circuit 14 is between ttie data divi- 
sions, rattier ttian between ttie addresses. 

In ttiis mocffication. ttie shift instruction is issued 
when a difference or deviation between ttie actual read- 
out data divisfon j and ttie virtual read-out data division 
j* has exceeded a predetennined value corresponding 
to the total lengtti of one or more data divisfons. For 
eflcanrple. ttie shift instruction is issued when ttie differ- 
ence or deviation between the actual read-out data divi- 
sion j and ttie virtual readK)ut data division has 
exceeded a value conresponding to ttie total lengtti of 
one data divisfon. Where ttie virtual read address VAO 
is greater in variation slope ttian the actual read address 

RAD as shown in Rg. 3. ttie shift instruction is issued to 
ttie actual read address cafoulator 1 6 once a condHion 
off ej+1 haa been satisfied, in response to which ttie 
adcfress caloiator 16 sNfts ttie data division j to ttie 
next one usmg ttie virtual read^xjt data divisfon f (i.a, 
) rattier ttian just incrementing ttie value j by 
one(i.a. + 1 ); tt«. ttie actual read address cal- 
culator 16 controls the actual readHXit data division j to 
shift (lump) fonward. Similarty, where ttie virtual read 
address VAD is smafler in variation slope tt«n ttie 
actual read address RAD as shown in Rg. 4. ttie shift 
'nstruction is issued to ttie actual read address calcula- 
tor 16 once a condition off has been satisfied, in 
response to which ttie address cafoulator 16 shifts ttie 
data dvisfonj to ttie next one using ttie virtual read-out 
data divisfon f (i e.. j^f.l ) rattier ttian just decre- 
menting ttie value j by one (i.e. j - 1 ); ttnis. ttie 
actual read addrees calculator 16 controls the actual 
readKXJt data divisfon j to shift Ounp) backward. How- 
«rer, such controlled may be cam'ed out in any other 
suftable manners ttian ttie above-mentioned. 

(Ottier Embocfiment of ttie TSC ControQ 



[Modification of TSC Control Using VHual Read 
Address] 

The organization shown in Rg. 2 may be modified 
in such a manner ttiat ttie virtual read address calcula- 



5$ 



The TSC control according to ttie present invention 
may be carried out by using an optional combination of 
al a some of several cross-fade methods in accord- 
ance witti a "stretohAx)mpression ratio relative to a 
standard reproducing time lengtti* as wi« be later 
descrfoed. rattier ttian by using ttie virtual read address 
asnotedabove 

"Hie fbOowffig embodiment may empfoy any one of 
ttie two exemplary hardware setups of ttie electronic 
musical instrument shown in Rga 1 and 21, but ttie 
organization of ttie waveform generating section 111 
has to be modified »i a manner as schematically shown 
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in Rg. 29. 

In Fig. 29, the wavetorm generating section 11 1 
includes a waveform memory reader unit 201 having a 
time-axis stretching/compressing function, and a 
"CRate" generator 202. The waveform generating sec- s 
tion 111 receives, by way of the corrtrol regsrter 113 
(Fig. 1 or 21). a waveform generating instruction in the 
form of a note-on signal and pitch information indicative 
of a pitch of a tone to be generated, as well as tone color 
Information such as key code KC. tone color code TC io 
and some of other inlbrnuition INF as shown in Fig. 2. 

The waveform generating section 1 1 1 aiso receives 
a parameter indicative of the *ratio of stretch/conrpree- 
sion relative to a standard reproducing time length". 
Because the wavefam memory reader unit 20 1 actually is 
performs the time-axis stretching/compressing function 
on the basis of a tinrte-axis stretch/oonr^ession ratio 
CRate based on a tone generating time length that is 
required when the waveform data are read out at a rate 
corresponding to a designated pitch (the tone generat- 20 
ing time length varies depending on a desired pitch, as 
represented by the waveforms 1402 and 1403 of Rg. 5), 
the 'CRate' generator 202 is provided here to convert 
the parameter. Specifically, the "CRate" generator 202 
receives the pitch inlbrmation and the "ratio of 25 
stretch/compression relative to a standard reproducing 
or tone generating time length' and calculates a t»m- 
axis stretch/oohpression ratio CRate based on the tone 
generating time length v^ng depenefing on the 
desired pitch. The thus<aiculated ttme-axie so 
stretch/bonpresston ratio CRate is fed to the waveform 
memory reader unit 201. 

Rg. 30 is a block d agram showing detaBs of the 
waveform memory reader unit 201 of Rg. 29. Before 
going into the details, let us explavi the basic concept of 38 
the time-axis stretchin^^compressing function, i.e, TSC 
control, enrployed in the present embodtmerit 

Rrst the time-axis stretch/compression ratio CRate 
is a parameter introduced in the embodiment to Imple- 
ment the time-axis stretching^compresstng function. In 40 
more specific terms, the time-axis stretch/corrpression 
ratio CRate indicates that a reproducing time length of 
an output waveform is set to be 1/CRate of a reprockic- 
ing time length of an original (pitch^ontroOed) wave- 
form. Of course, the time-axis stretch^conpression ratio 48 
CRate is not aiwayt a fixed value and can be varied in 
real time even during readout of the waveform (i e.. at 
an intermediate point between the start and end of the 
generated tone); thus, the ratio CRate has the above- 
mentioned significanoe when cortsadered locally. With so 
CRatea 1.0, the output waveform wiB be maintained at 
Ha original time length; with CRate > 1.0 , the output 
wavefomi win be compreesed; and with CRate < 1.0 . 
the output waveform wfll be stretched. 

The folkMflng paragraph describes the waveform 55 
data stored in a waveform memory 301 (Rg. 30) within 
the waveform memory reader unit 201. The wavefonm 
fDemory 301, like the above-mentioned waveform mem- 



ory 10 of Rg. 2, stores a plurality of sets of plural-cyde 
waveform data in con^espondtng relations to various 
tonal characteristics, and each set of the stored wave- 
form data is previously divided into a plurality of data 
divisions for management purposes. Sinrilarty to the 
above-mentioned, the plural-cyde waveform data 
stored in ttie waveform memory 301 are pre-analyzed. 
and points in the plural cydes which are in a same 
phase with each other (same-phase points) are deter- 
mined as respective start points of the individual data 
divisions. In other words, such same-phase points are 
found in the waveform data, and the waveform data are 
divided at the same-point points to define the indlviduat 
data dmsions. Wiaveform data ever two or more cydes 
may be contained in a single data division. In short, 
boundaries between every adjacent data divisions are 
the same-phase points and it is suffident that each of 
the data divisions be defined to be able to be smoottily 
connected to another data division. The same-phase 
points are such points which are identical with each 
other in waveform amplitude value and in sloping direc- 
tion of the wavefomi. Note that the data divisions do not 
or need not necessarily coincide with the cydes conre- 
sponding to a fundamental pitch of the waveform data 

More detailed description is given below, l^s 
assume here that each c4 the same-phase points has 
an address At th^ crsnsists of an integer part and a dec- 
imal fraction part T represents a unique data division 
number, and hence "Ai" represents a start point address 
of "ithdatadvision. Index count IC. which wil be later 
described, represents a current counted value of the 
data division number i. Because the respective start 
points of the individual data dMSions are in the same 
phase, a srTX)oth waveform interconnection may be 
achieved even when one data cfvision is first read out 
up to the last point and then another data dvision start- 
ing at another point is read out To interconnect two data 
cfivisions. the present embodiment is anranged to further 
perfonn cross-fade synthesis in addition to the intercorv 
nection between the same-phase points, and hence 
achieves an even smoother waveform interconnection. 

In the waveform memory, there are also stored size 
data Ti (Ak>1 • AQ of the individual data dMsions. The 
size Tl is calculated by subtracting the start povTt of 1"th 
data division from the start point of n4>1 "th data division. 
By thus storing ttie sizes of the indhnc^ data divisions, 
the storage capacity can be effectively saved as in the 
case where afl the addresses Ai are stored. Each of the 
data division sizes represented by the value TI is of 
course opressed in the number of samples (which 
includes integer and dedmal fraction parts). 

The start point address Ai of each of the data cfivi- 
sions may be evaluated as follows: 

Ai - AO + IT 

, where AO represents the start adcfress of the wavefam 
data (i e., the start point sddrem of Oth data dvision) 
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and IT represents an accumulated value of ttie sizes Ti 
forjoO. 1.2 

The basic principle of the time-axis stretch/con> 
presston control, i.e.. TSC control, in the present inven- 
tion will b6 explained Ixierfty below. In the present 5 
embodiment, the time-axis stretch/compression uses a 
'reproduction perrod** as- its processing time unit. The 
"reproduction period' corresponds to a time period nec- 
essary for reproduction of one data division and repre- 
sents a unit time length, of the wavefam data ro 
stretch/compression in the waveform memory, which is 
not expressed in the number of samples. Aocofding to 
the basics of the tinie-axis stretch/compression control, 
a difference between each ideal readout point desig- 
nated by a value of the time-axis stretch/compression is 
ratio CRate and a con-esponding actual readout point is 
calculated so that predetermined operations are carried 
out every reproduction period in accordance with the 
calculated difference to allow the actual readout point to 
successively follow the ideal readout point In short the 20 
predetermined operations determine which one of 
'stretch process" for stretching the reproducing time 
length, 'normal process' for maintaining the reprocto- 
ing time length and 'compression process' for com- 
pressing the reproducing time length should be carried 2S 
out and execute the thus-identified process every 
reproduction period as will be later descri>ed In detai. 
Because Invalidating the TSC control with respect the 
waveform data of non-periodic waveform segments may 
inprove eTidency. it is preferred to attow the TSC oorv ao 
trd enable^sable condHion to be oontrotled selectively. 

Fig. 31 is a diagram explanatory of the basic con- 
cept of the TSC control in the present embodknent In 
Rg. 31 . reference numeral 41 1 represents an example 
of waveform data stored in the waveform memory, and 38 
blods 412 to 416 represent exemplary manners in 
which the waveform data are read out from the wave- 
form memory. The waveform data 41 1 consists of six 
data dn^isions as denoted at A to F Vertical dotted lines 
401 represent boundaries between reproduction perf- 40 
ods when the waveform data are reproduced at a prede- 
tenmined pitch. Thus, the horizontal axis represents 
elapsed time in the stretdVoompression process rather 
than the sample length, but the elapsed time repre- 
sented here is not {Absolute time. Numbers added befow 48 
thedatadrvision8AtoFofthewavetormdata411 indi- 
cate a predetermined order in which the data cfivisions 
are to be reprockiced. Whereas the vertical dotted tines 
401 representing boundaries between reproductfon 
periods are drawn at equal imerimis in the example of so 
Fig. 31, the time lengths of the inefvidual reproductfon 
pttiods may differ depending on the sizes of the data 
divisions. Similarty, the reproduction periods shown in 
relation to bfocks 41 2 to 416 may differ from each other 
in the horizontal and vertical directions. 58 

Each of near^-square small blocte. in the rectan^ 
lar blocks 412 to 416. represents a unit of data that is 
processed within on reproduction period in the 



stretch/compression process, and any one of the 
stretch, normal and compression processes (shown in 
the figure as "S". "N' and 'C. respectively) rs canied out 
in each of such blocte or reproduction periods. Rectan- 
gular bfocte 412 to 416 represent exanples where the 
waveform data 41 1 of the six data divisions are control- 
led to be stretched or compressed in accordance with 
the time-axis stretch/compression ratio CRate. In each 
of the reproductfon periods of Fig. 31. a predetermined 
one of the data divisions (six data divisions in the illus- 
trated example) in the waveform data 41 1 is read out tor 
each d two cross-fading waveform region data. The 
data divisions to be read out in the two cross-fading 
channels may or may not be the same. This way. irre- 
spective of which of the stretch, normal and compres- 
sion processes is carried out in the reproduction 
perioc^ the present embodiment always generates an 
output waveform based on the cross-fade synthesis 
between the two cross-fading waveform region data 
(hereinafter lirst and second cross-fading waveform 
region data'). In Fig. 31 . each of the near-square small 
blocks, representing the reproductfon periods, in rectan- 
gular bfocks 412 to 416 is divided by a diagonal line into 
two triangular segments where reference characters A - 
F representing two selected data divisfons are written, 
whfoh means that the cross-fiade synthesis between the 
first and second cross-fading wavetonm region data is 
executed using these two data divisions. More specifi- 
cally, in the illustrated examples, the data division spec- 
ified in the i^iper trian(^ segment (above the 
diagonal tine) is the frrst cross-fading waveform region 
data to be faded out while the data dhnsfon specified in 
the lower triangular segment (below the diagonal line) is 
the second aoss-tading waveform region data to be 
faded out Further, reference characters 'S*, 'N" and 
'C". added above the incfividual near-square small 
bfocks representing the reproductfon periods, indicate 
that tfie stretch, normal arvl compression processes are 
executed in the corresponding reproduction periods. 
The cross-fade synthesis focfing out the first cross-fad- 
ing waveform regfon data and foding in the second 
aose-tading waveform region data is t^minated in the 
midcfle of each reproductfon period. 

Block 412 shmvs the exanple where the waveform 
data are process with the time-axis.stretch/ co mpres- 
sion ratio CRate of 2.0 (CRate - 2.0). As shown, in the 
first reproductfon period, the compression (C) process 
is executed where data divisfon A is read out as the first 
cross-Hading waveform data and data division B 
is read out as the second cross-fadng waveform region 
data, so that these read-out cross-foding waveform 
region data represented by the data cBvisfons A and B 
are subjected to cross-fade synthesis to provide an out- 
put waveform. In the second reproductfon period, ttie 
compression (C) process is executed where data divi- 
sion C is read out as the first cross-Ming ^vefbrm 
region data and data cfivisfon 0 is read out as the sec- 
ond cross-fading waveform region data, so that these 
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read-out cros$-fading waveform region data repre- 
sented by the data divistone C and D are subjected to 
cross-fade synthesis to provide an output waveform. 
Further, in the third reproduction period, the compres- 
sion (C) process is executed where data division E is 5 
read out as the first aoss-fadng waveform region data 
and data division F is read out as the second cross-fad* 
ing waveform region data, so that these read*out aoss- 
fading waveform region data represented by the data 
divisions E and F are subjected to cross-fade synthesis 10 
to provide an output waveform. Here, the time length of 
each of the reproduction periods to execute the aoss- 
fade synthesis Is set to coincide with the time over which 
the data division as the second O a, faded-in) cross-^ 
ing waveform region data is read out. Therefore, in this 75 
readout example 412. the time lengths over which data 
divisions B. D and F are read out as the second 0.e.. 
I^dednn) cross-fading waveform region data at a 
desired pitch become the lengths of the corresponding 
reproduction periods. Thus. If the individual data drvi- 20 
sions are set to have a same length, then a total repro- 
ducing time of the resultant output woveform 412 when 
read out at a desired pitch can be just about l/CRete 
(i.e., about 1/2) of a total reproducing time that would be 
required when the original stored waveform 411 isread 2s 
out at the same prtch without being subjected to time- 
axis stretch/oom^^ession control; that is. the total repro- 
ducing time of the output waveform 412 can be reduced 
by a factor of 2. 

Note that the readout example 412 and following so 
readout examples 413 to 416 are an'anged in such a 
manner that the data divtston following the one read out 
and faded in as the second cross-fading waveform 
region data in one reproduction period is read out and 
faded out as the first cross-fading waveform region data 38 
in the next reproduction period. For example, data divl- 
sion Bis read out and faded in as the second cross-fad- 
ing waveform region data in the first reproduction period 
of the readout example 412. and then the following data 
division C is read out and faded out as the fkst cross- 40 
f^ing waveform region data in the second reproduction 
period. With this anBngement a smooth wavefonm 
interconnection is achieved f^om data division B to data 
division C. 

Block 413 shows the example where the waveform 45 
data are processed with the tim»-axis ^retch^xxTpres- 
sion ratio CRate of 1.5 (CRate - 1.5). As shown, m the 
first reproduction period, the namal (TQ process is ex^ 
cuted where data dMsion A is read out as the frst and 
second second cross-fading waveform region data and so 
these read-out cross-lading waveform region data are 
subjected to aoss-fade synthesis to provide an output 
wavefonn. In the second reproduction period, the com- 
pression (C) process is executed where data division B 
is read out as the first cross-fading waveform region S5 
data and data division C is read out as the second 
cross-fading waveform region data, so that these read- 
out cross-fading waveform region data represented by 



the data cfivisions B and C are subjected to cross-fade 
synthesis to provide an output waveform. Further, the 
namal (N) process Is executed in the third reproduction 
period using data division D. followed by the compres- 
sion (C) process in the fourth reproduction period using 
data divisions E and F. This way. a total reproducing 
time of the resultant output waveform 413 when read 
out at a desired pitch can be just about 1/CRate fi.e.. 
about 1/1 .5 a 2/3) of a total reproducing time that would 
be required when the original stored waveform 411 Is 
read out at the same pitch without being subjected to 
time-axis stretch/compression control; that is. the total 
reproducing tinDe of the output waveform 413 can be 
reduced by a tactor of 1 .5. 

Block 414 shows the example where the wavefam 
data are processed with the time-axis stretch/compres- 
sion ratfe CRate of 1.0 (CRate - 1). As shown. In the 
f^ to six reproduction periods, the normal (N) process 
is executed using data divisions A. B. C. 0. E arri F. 
respectively. In this way, a total reproducing time of the 
resultant output waveform 414 when read out at a 
desired pitch can be just 1/CRate (1/1) of. i.e.. the same 
as, a total reproducing time required when the original 
stored waveform 411 is read out at the same pitch with- 
oU being subjected to time-axis stretch/compressnn 
control. The process result obtained with the time-axis 
stretch/compression ratk) CRate of 1 in the above-men- 
tioned manner may be generally the same as in the 
case where no particular stretch/conpression is con- 
ducted. By thus conc^ng the cross-fade synthesis 
using the same data division as the first and second 
aoss-fadff)g mveform region data even when the time- 
axis stretch/compression ratk) CRate. the system can 
be arranged to always execute the aoss-fade synthesis. 
Such an arrangement eliminates the need to determine 
for each of the reprocftjctk)n periods. 

Block 415 shows the exanple where the waveform 
data are processed with the time-axis stretch/compres- 
skxi ratio CRate of 0.75. As shown, in the ftrst. second, 
fourth, fifth, sixth and eighth reproduction periods, the 
normal (N) process is executed using data divisjons A. 
a C, Q. E and F. respectively. In the thiid reproductk)n 
period, the stretch (S) process is executed where data 
cfivisionC is read out as the frst cross-fading waveform 
regkx) data and data dMsion B is read out as the sec- 
ond aosa-fadng waveform regk)n data, so that these 
readHxit cross-fading wev^orm region data repre- 
sented by data diviskxis C and B are subjected to ooes- 
fade synthesis to provkie an output waveform. In the 
seventh reproductk)n period, the stretch (S) process is 
executed where data dfviskyi F is read out as the frst 
aoss-facfing wav^onn region data an data division E is 
read out as the second cross-fading waveform region 
data, so that these read-oU aoss-fading wavefam 
regk)n data represented by the data divisions F and E 
are siisjected to aoss-fade synthesis to provkie an out- 
put wavefonn. In this way, a total reproducing time of the 
resultant output wavefam 415 when read out at a 
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desired pitch can be just about l/CRate (i.e.. about 
1/0.75) of a total reproducing time that would be 
required when the original stored waveform 41 1 is read 
out at the same pitch without being subjected to time- 
axis stretch/compression control; that is. th total repro- 5 
ducing time of the output waveform 415 can be 
increased by a factor of t.333. 

Block 416 shows the example where the waveform 
data are processed with the time-axis stretch/compres- 
sion ratio CRate of 0.5. As shown, in the first, third, fifth, jo 
seventh, ninth and eleventh reprodjction periods, the 
normal (N) process is executed using data divisions A. 
B. C. D, E and F. respectively. In the second, fourth, 
sixth, eighth, tenth and twelfth reproduction periods, the 
stretch (S) process is executed using combinations of is 
data divisions B and A. data divisions C and B. data divi- 
sions 0 and C, data divisions E and D. data divisions F • 
and E. and data divisions Q and F. respectively^ In tNs 
way. a total reproducing time of the resultant output 
waveform 416 when read out at a desired c^n be ^ 
just about 1/CRate (i a. about 1/0.5) of a total reproduc- 
ing time that would be required when the original staed 
wavefomi 411 is read out at the same pitch without 
being subjected to time-axis stretch/conpressfon con- 
trol: that is. the total reproducing time of the output 25 
wavefonn 416 can be inaeased by a factor of 2. 

Rg. 32 is a dagram showing details of the process 
performed In each of the reproduction periods, where 
reference numeral 501 represents a successfon of three 
data divisions Z. A an B stored in the waveform memory 30 
301 and T2. Ta and Tb represent respective sizes of tiie 
three data divisions Z. A an B. Lefs assume here that 
data divisfon A is read out as the first cross-fac£ng wevo- 
form region data. In this case, the data division to be 
read out as the second cross-fading waveform region as 
data differs depending on which of the stretch (S). nor- 
mal (N) and compression (C) processes is to be per- 
formed. 

Reference numeral 511 shows an example where 
the stretch (S) process is carried out in a sinyle repro- 40 
duction period. As shown in the exanple 511. if data 
division A is read out as the first cross-tading waveform 
region data in this process, data dMsfon Z preceding 
data divisfon A is read out as the second cross-fading 
wavefonn region data. Namely; as shown in blOGk 521. 45 
data divisfon A is read out as the fM croes-teing wave- 
form region data as indfoated at 531 and data cfivision Z 
is read out as the second cross-fading waveform region 
data as indfoated at 532, so that the two wavefonn 
regions represented by data dvislons A and Z are sub- so 
jected to cross-tede synthesis. Reference numeral 512 
shows another example where the nonmal (N) process 
is carried out in a single re pr o du ction period without 
changing the repnxJudng time length. As shown in the 
example 512. if data division A Is read out as the first ss 
cross-fading waveform region data in this process, 
same data division A is read out as the second cross- 
fading waveform region data. Namely; as shown in block 



522. data division A is read out as the first and second 
cross-feding waveform region data as denoted at 541. 
so that the two waveform regions represented by same 
data division A are sutajected to cross-fade synthesis. 
Reference numeral 513 shows another example where 
ttie compression (C) process is earned out in a single 
reproduction period. As shown in ti>e example 513, if 
data division A is read out as the first aoss-fading wave- 
form region data in this process, data division B follow- 
ing data division A is read out as the second cross- 
fading waveform region data Namely, as shown in block 

523. data division A is read out as the first cross-fading 
waveform region data as indicated at 551 and data divi- 
sion B is read out as the second cross-l^ing waveform 
region data as indicated at 552. so that tiie two wave- 
fonn regions represented by data divisions A and B are 
subjected to aoss-fade synthesis. 

For ttie above-mentioned two cross-lading wave- 
fonn regfon data, ttie waveform data readout is exe- 
cuted using addresses cafoulated by sequentially 
accumulating, on ttie basis of a predetermined sam- 
pling frequency, ttie pitch inftxmation (F number) desig- 
nated by a parameter. Thus, ttie pitch of ttie resultant 
output waveform can exactty agree witti ttie designated 
pitch. On ttie ottier hand, ttie reprodudng time lengtti 
can be stretched or compressed as illustratively shown 
in ttie examples 412to416 of Fig. 31. by s^ectively car- 
rying out any one of ttie stretch, nornial and compres- 
sfon processes every reproduction period, as outiined 
eariier in relation to Rga 29 and 31. 

In Rg. 32. reference character rp represents a read 
pdnter ttiat points to a start address of data division to 
be read out as ttie first cross-fading waveform regfon 
data, as wiP be detailed in relation to Ftg. 34. Reference 
c^^aracter rp^now represents a cun'ent value of ttie read 
pointer rp inlhe current reproduction period, and refer- 
ence character rp represents a value of ttie read 
pointer rp in ttie next reproduction period. Here, upon 
reaching the end point in each of ttie reproduction peri- 
ods, ttie address for second cross-fading waveform 
regfon data becomes ttie start address of a partictiar 
data division tttat is to be read out as ttie first aoss-fad- 
ing waveform region data in ttie next reproduction 
period. This is to permit a shift from ttie cun-ent data 
(fivisfon to ttie next data (fivtsion in a predetennined 
order at ttie boundary between adjacent reproduction 
periods. As typicafiy seen from reference to ttie bound- 
aries between the reproduction periods in ttie exanrples 
412 to 416, a shift from ttie curent data division to ttie 
next data divsion, lika A ^ B. B C. ... . at each 
boundary between ttie reproduction perioda As shown 
in Rg. 32, a value of ttie read pointer RP in ttie next 
repnxhjction period can be identtfied from ttiat in ttie 
current reproduction period. Namely, in ttie case of ttie 
stretch (S) process, a cuneni value of ttie read pointer 
rp becomes a value of ttie read pointer rp in ttie 
case of the normal (N) process, a sum of a current value 
of ttie read pointer rp and size Ta 0-6. , rp *»> T^) becomes 
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a value of the read pointer rp^naxt; or in the case of the 
compression (C) process, a sum of a cun-ent value of 
the read pointer rp and size Ta and sizes and Tq (i.e.. 
rp-fl^ ^. Tg) becomes a value of the read pointer 

'■P_n«xf 5 

Fig. 33 is a diagram showing examples of waveform 
data including attack and loop portions. The waveform 
data 601 consist of five data divisions A to E. Index 
Count represents positions (order) of the Individual data 
divisions in the wavefam memory, and Cycle Length io 
represents respective sizes Ta to of the Individual 
data divisions. Let's assume that the boundary between 
the attack and loop portions coinckjes with a boundary 
between the data divisions. In the waveform data 601 , a 
portion occurring from the waveform start point to point is 
Tlpst i.e.. data divisions A and B. represents the attack 
portion, and point Tlpst corresporxte to a start point of 
the loop portion. The loop portion occurs up to point 
TLpend and consists of data divisions C. D and E. 

The waveform data including such attack and loop 20 
portfons are treated as being arranged in a same man- 
ner as waveform data 602: that is, the overall data are 
first reed outuptotheendpointofthe loop portfon and 
then the loop portion is read out from the start to end 
thereof in a repeated manner. 25 

Because the basic processing-time unit of the proc- 
ess is a reproduction period, it is necessary to positfon- 
ally nmit a property set the focations of the start and 
end points of the loop portfon. Namely, the respective 
locations of the start and end points of the toop portfon 30 
must be set such that an interpolated sample vabje of 
the loop end point (last address of data dhnsfon E) coin- 
cides with that of the loop start point (first adc^ess of 
data dh/isfon C). 

^k3w. with reference to Rg. 30. a detafled descrip- 38 
tfon will be made bekiw about the constructfon and 
operation of the waveform memory reader unit 201 . 

In Fig. 30. the waveform memory reader unit 201 
comprises the waveform memory 301 . address cafoula- 
tor 302. in-cyde counter 303. index counter 304. data 40 
division size registers 305 and 306. accumulated differ- 
ence register 307. readout Cn;>') register 308. pitch 
interpolate sectfons 309 and 310. multip8ers 31 1 and 
312, compensating sectfon 313 and adder 314. The 
respective detailed constructfons of the abov^mn- 45 
tfoned components are as folfowa. 

As noted earlier, the waveform nwrnory 301 has 
prestaed therdn a pluraity of sets of plural-cycle wave- 
form data, in corre sp on d ing relatfons to a plurality of 
tones, with each of the waveform data sets dhndedtfito so 
a plurality of data divlsfons for management purposes. 
In the waveform memory 301. there are also prestored 
respective sizes T of the individual data divisions for 
each of the wavefonm data sets. The waveform data in a 
selected one of the sets are read out in two independent ss 
data groips 0*6.. as, the first and second cross-fading 
waveform regfon data) in accordance with addresses 
generated from the address cafoulator 302. The data 



divisfon size information T (consisting of integer and 
decimal fractfon parts) is read out using, as an address, 
index count IC from the index counter 304. 

The index count IC hefo by the index counter 304 is 
an ordinal number indicative of a unique division 
number of the data dhnsion being currently read out as 
the first cross-fading waveform region data: that is, the 
index count IC indicates which of the data divisfons is 
being cun'ently read out as the first aoss-fading wave- 
form region data. Using this index count IC as the read 
address (relative address), the size information T of the 
data division currently read out as the first cross-fading 
waveform regkxi data is read out. and the read-out size 
inlbrmatton T is staed into TV register 305. The Tl" 
register 305 is provided lor storing the size informatfon 
Tol each data division read out as the first aoss-fading 
waveform regfon data. Simuttarieously. the size intomia- 
tfonT of the data division being currently read out as the 
second cross-fading waveform regfon data in the sec- 
ond cross-tading channel is stored into 'T2" register 
306. On the basis of the index count IC indfoating the 
divisfon number of the data dhnsfon being read out as 
the first aoss-fading waveform regfon data and deta'mi- 
natfon of which of the stretch (S). normal (H) and com- 
pressfon (Q processes is being currently carried out. it 
may be known that the size information to be stored in 
the Ta* register 306 is that of the one preceding the 
current data divisfon as the first cross-Hading waveform 
regfon data, or the current data division as the f ir^ 
aoss-facfing waveform region data, or the one following 
the current data division as the first cross-fading wave- 
fomn regfon data. The reason why the index count IC is 
used as a relative address is to deal with the case 
where a plurality of sets of the plural-cycle waveform 
data are stored. Namely, if such relative addresses are 
used, by chan^^ the base address, it is possible to 
select one of a plurality of data cfiyisfon size data corre- 
sponding to partfoular waveform data to be read out and 
identify the size data on the biasis of the index count IC. 

The address cafoulator 302 inrtiafizes the value of 
the index counter 304 to "0" when generatfon of a wave- 
form is to be initiated. Then, upon teri-ni na tfon of each of 
the reproductfon perfods, the address calculator 302 
outputs a trigger signal (data-(fivisfon updating informa- 
tfon), in response to whfoh the value of the Mex counter 
304 is inaemented Mora spedTically. if the stretch (S) 
process was executed in the ^-terminated reproduc- 
tfon period, then the same data dnnsion as having been 
read out in the just*terminated reproductfon period as 
the first aoss-focSng waveform region data is to be read 
out as the first ao68-tB(fing waveform re^^ data in the 
next reproductfon penod. and thus the value of the index 
counter 304 remains unchanged. If the normal (N) proc- 
ess was executed in the ^-terminated reproductfon 
period, then the data dhnsion folfowing the data division 
read out in the just-termkiated reproduction period as 
the first aoss-fiading waveform region data is to be read 
out as the first cross-Ming waveform regfon data in the * 
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next reproduction period, and thus the value of the index 
counter 304 is incrennented by one. Further, if the conrv 
pression (C) process was executed in the just-termi- 
nated reproduction period, then the second data 
division Ibrward from the data division read out in the 5 
just-terminated reproduction period in the first aoss- 
fading channel is to be read out in the first cross-fading 
channel in the next reproduction period, and thus the 
value of the index counter 304 is inaemented by twa 

As bnef ly described earlier in relation to Rg. 32. the 10 
readout ("rp*^ register 308 holds the start address rp of 
the data division being read out as the first cross-fading 
waveform region data (namely, in the first cross-fading 
channel). 

The in-cyde counter 303 accumulates reproduction is 
ptith information 6^ (F number) ^ery sanpling cyde 
of the waveform data generated by the waveform gener- 
ating section 111. The in^fe counter 303 generates 
phase data CC(l.a. cyde counts each induding integer 
and dedmal fraction parts) tor reading out individual 20 
waveform sample values of the data division designated 
by the readout register 308. Each cyde count CC gen- 
erated t>y the in-cyde counter 303 is fed to the address 
calculator 302. which uses the start address rp and 
cyde count CC to calculates read addresses for flr^ 25 
and second aoss-fading wavelorm data regions and 
feeds the calculated read addresses to the waveform 
memory 301 : more specifically, (rp 4 CC) becomes the 
read address for first cross-fac^ wavelonn data region 
and (rp >CC -I- OFST) becomes the read address for so 
second cross-fading waveform data region. Here, if the 
stretch (S) process is executed in the currertt reproduc- 
tion period, it means that the data division that precedes 
the data division being cun'ently read out in the first 
cross-facfing channel is to be read out in the second 3S 
aoss-fadng channel, and thus '*OFST' « - "size of the 
data drvtsion preceding the data division currently read 
out in the first cross-fading channel* (this value is now 
set in the T2' register 306). If the normal (N) process is 
executed in the current reproduction period, it means 4o 
that the same data division as be^ currently read out 
as the first cross-fading waveform data region is to be 
also read out in the second cross-lacSng channel, and 
thus *OFSr m 0. Further, if the oonpression (Q proc- 
ess Is execued in the current reproduction period, it 40 
means that the data dMsion that fbiows the data divi- 
sion being currently read out in the fM cross-fading 
channel is to be read out in the second cross-fading 
channel, and thus "OFST • *size of the data division 
being cun-ently read out in the first cross-fa^ chan- so 
net" (this value is now set in the Tl* register 305). 

The address calculator 302 constantly compares 
cyde count CC and cyde length CL for a condition of 
CC > CL Here, the cyde length CL is: the size of the 
data division that precedes the data division being cur- ss 
rentty read out in the first cross-fac^ channel if the 
stretch (S) process is executed in the cun'ent reproduc- 
tion period; the size of the data division being otfrently 



read out in the first aoss-facfing channd if the normal 
(N) process is executed in the current reproduction 
period; or the size of the data dK/iston that follows the 
data division being currency read out in the first cross- 
fading diannel if the compression (C) process Is exe- 
cuted in the cun^ent reproduction period. In other words, 
the cyde length CL represents the size of the data divi- 
sion being currently read out in the second cross-tading 
channel, and the end of the current reprodudion period 
can be identified on the basis of the data division size 
represented by the cyde length CL; that is. the point 
when the cycle count CC has exceeded the cyde length 
CL represents the end of the current reproduction 
period. Upon tern^nation of the curent reproduction 
period, the address calculator 302 outputs a trigger sig- 
nal (data-division updating information), in response to 
which the value of the index counter 304 is inaemented. 
as noted earlier. Namely, once the accumulated value of 
the cyde count CC has exceeded the size T of the data 
division being read out in the second cross-fading chan- 
nel, it is restored to an initial value (CC - T). and simul- 
taneousty the address calculator 302 generates the 
trigger signal. 

For each of the read address in the first cross-fad- 
ing channel (rp **- CC) and read address in the second 
CTOSS-feding channel (rp + CC ♦ OFST ), interpolation 
between sun^f 3 has to be effected, on the basis of the 
dedmal fraction part of the read address, in order to 
achio/e a predse tone pitch with operation asynchro- 
nous with the pitch (namely, with a fixed sampling fre- 
quency). To this end, the wavelorm menrx)ry reader unit 
of Rg. 30 indudes pitch an interpolator 309, 310. similar 
to the interpolating dra^ 11 and 1 2 of Rg. 2. for each 
of the cross-fadbig channels, so that finear interpdation 
is carried out in the first and second cross-fading chan- 
nel ffi accordance with different integer parts, inde- 
pendently of each other. 

The multipfiers 31 1 and 312. compensating section 
313 and adder 314 together constitute aoss-fede syrv 
thesis circuitry, in each of the reproduction periods, this 
cross-fade synthesis drcuitry carries out a cross-fade 
transfer from waveform data read out in the first cross- 
fading channel (l a. a first ooss-IMng waveform data 
region) to wavefonn data read out in the second cross- 
fading channel (i e-. a aacond cross-facing waveform 
data region), irr^pective of which of the stretch, normal 
and compression processes is carried out in the repro- 
duction period. The address calculator 302 generates a 
weighting ooeff Ident (cyde count CC cyde length CL) 
for the second cross-fecfing channel, and the conpen- 
sating section 313 generatee a complement of the 
weighting coeffident (i a* 1 -CC-^CL). The cross- 
fade synthesis is carried out withki a period determined 
by the size T2 of the data ^sion read out in the second 
aoss-tading channel. 

The diff^ence (*dif^ register 307 is provided for 
storing an accunulated difference between ideal loca- 
tion (virtual read address) and actual location (actual 
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read address). Here, the deal location corresponds to a 
read pointer value when stretch/compression of the 
reproducing time is assuned to have been executed in 
accordance with time-axis stretch/compression ratio 
infbmiation CRata The total increment of the ideal loca- 5 
tion or virtual read address in a grven reproduction 
period when that period has been terminated is equtva- 
tent to a value obtained by multiplying the size T2 of the 
data (fivision read out in the second cross-fading chan- 
nel by the time-axis stretch/compression ratio infomia* ro 
tion CRate (i s-. T2 x CRate). On the other hand, the 
total inaement of the actual read address O e.. the total 
increment of the 'rp* register) in a given reproduction 
period when that period has been terminated is: "0" if 
the stretch (S) process was executed in the reproduc- 15 
tion period; Tr if the normal (N) process was executed 
in the reproduction period; or Tl -f if the compres- 
sion (C) process was executed in the reproduction 
period. This total inaement of the actual read address 
is equivalent to a difference between the read address so 
in the second cross-fading channel and the value of the 
read pointer rp at the end povit of the reproduction 
period, because the read address in the second aoss- 
^ng channel beoonrm a value of the read pointer rp 
of the next reproduction period. If the difference 2s 
between the total increment of the idea) kxatkxi or vir- 
tual read address and the total inaenr>ent of the actual 
read address in the reproduction period is represented 
by Adif. the difference ^if is calculated by the address 
calculator 302 in a manner differing, as follows, depend- 30 
ing on which of the stretch (S), normal (N) and comprea- 
sion (C) processes is the just-completed process: 

if the just-conrpleted process is the stretch (S) proc- 
ess, 3S 

Adif-{T2x CRate); 

if the just-completed process is the normal (N) 
process, 40 



mination is made on the basts of the tallowing 
conditions (1) and (2). For this determination based on 
the accumulated difference (dif). the siz of the data 
division to be read out in the first cross-fading channel in 
the next reproduction period is read into the Tl" regis- 
ter in advance, and the T2" register maintains its value 
stored in the just-terminated reproduction period 

Condition (1): if dif * 0 (where "dif is a positive 
value), compare Tr (size of the data division to be. 
read out in the first-fading charviel in the next repro- 
duction period) and W. and then 

(M) if Idifl / Tl 2 0.5 (i.e.. if the accumulated 
difference dif is greater than one half of the 
data dhnsion size Tl). the address calculator 
302 determines that the compression (C) proc- 
ess is to be carried out or 
(1-2) (f not (i.e.. if the accunulated difference 
dif is not greater than one half of the data divi- 
sion size Tl ). the address calculator 302 deter- 
mines that the normal (N) process is to be 
carried out 

Condition (2): if dif < 0 (where 'dif is a negative 
value), compare (size of the data division hav- 
ing been read out in the second-fading channel in 
the just-terminated reproduction period) and 'cfif. 
and then 

(2-1) if |dif| / T2 2 0.5 (t.a. if the accumulated 
difference drf is greater than one half of the 
data dMSion size T2), the address calcuiator 
302 determines that the stretch (S) process is 
to be carried out or 

(2-2) if not (i.a. if the accumulated difference 
dif is not greater than one half of the data cfivi- 
sion size T2), the address calculator 302 deter- 
mvies that the normal (N) process is to be 
carried out 



Adif- (T2x CRate) -Tl ; or 

if the just-completed process is the compression 
(C) process, 

Acfif . (T2 X CRate) - (Tl ♦ 72). 

The address calculater 302 adds the thus^alculated 
difference A(£f to a current accumulated <fift^ence (dH) 
to thereby determine an accuntilated difference (cfif) at 
the end point of the just-temmted reproduction period 
(i.e.. at the start point of the next reproduction period). 

Further, on the basis of the determined accunu- 
lated difference (dif) at the end point of the reproduction 
period, the address calculator 302 detemnines which of 
the stretch (S). nornrial (N) and compression (C) proc- 
esses is to be canied out More specifically, this deter- 



Condition (1) above is for executvig the compres- 
sion process when a delation anxxint of the actual 
read location behind the ideal read location for a desired 

40 reproducing time is greater than one half of the data 
division size Tl . Coridition (2) above is for executing the 
stretch process when a deviation amount of the actual 
read location ahead of the ideal read tocatfon for a 
desired reproducing time is greater than one half of the 

50 data division size T2. 

Rg. 34 shows in table 702 a sunrHjp of the respec- 
tive contents of the above-mentioned stretch (S), nor- 
mal (hO and compression (C) processes earned out by 
the address calculator 302, with block 701 showing a 

55 succession of data dMsions Z, A and B stored in the 
waveform memory. Here, lefs assume that data division 
A is bong cun'sntty read out in the first cross-lading 
channel (namely, as the first cross-fading waveform 
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data region) and respective sizes of data divisions A 
and B are Tpr«. Thomv and T^^j^ In this cas .a data divi- 
sion to be read out in the second cross-fading channel 
(namely, as the second cross-fading waveform data 
region) is: data division Z if the stretch (S) process is 5 
being executed in the current reproduction period: data 
division A if the normal (N) process is being executed in 
the cun-ent reproduction period; or data division B if the 
compression (C) process is being executed in the cur- 
rent reproduction period. RefererKe character *rp 10 
represents a value of the "rp" register in ^9 current 
reproduction period Cyde length CL appli^^ ^ the cur- 
rent reproduction period is shown in column "APPLIED 
CYCLE LEr4QTH-. and OFST applied to the second 
aoss-fading channel in the cuaent reproduction is is 
shown in colunw "OFST OF 2ND CHANNEL". One of 
the data divisions having a start address (rp) is read out 
in the first cross-fading channel, and another one of the 
data divisions having a start address (rp OFST) is 
read out in the second aoss-fading channel. Colurrvi 20 
'UPDATE OF rp" shows that ipon conpletion of the 
process in the current reproduction period, the value of 
*rp* is updated a read address to proceed with readout 
of the data division In the second cross-fading channel 
and then to the start address of the data division to be ^ 
read out in the first cross-fading channel in the next 
reproduction period. Column UPDATE OF dT shows a 
value of the accumulated diff^ence dif when the proc- 
ess in the cun-ent reproduction period has been 
pleted. This 'dT value is used by the address calculator 30 
302 in determining wNch of the stretch {S), normal (N) 
and compression (C) processes is to be carried out in 
the next reproduction period. Further, column "UPDATE 
OF INDEX COUI^R- shows that the index counter is 
updated to the unique number of the data <Svision. fo^ 35 
lowing the one to be read out in the second cross-fading 
channel, which is to be read out in the first aoea-fading 
data division in the next reproc&iction period. T^ia 
applied cyde length CL is set to the value of the size 
infdnTiationT2 of the data diviskxi being read out in the 40 
second aoss-fading channel, and cross-fade synthesis 
is carried out in the reproduction period over a period 
represented bw the cyde length CL 

Fig. 35 is a diagram explanatory of a manner in 
which the address calculator 302 determinea which of 48 
the stretch (S). normal (N) and compression (C) proc- 
esses is to be carried out A succession of rectangular 
UoctoatdOl represents a succession of data divisions, 
with the horizontal axis ^ Fig. 35 representing read 
address rather than tima In section (a) of Ftg. 35 is so 
shown an exanrple of raveform data readout in the firrt 
aoss-fadng channel, and in section (b) is shown an 
exampleof waveform data readout in the second crosa- 
fading channel. 

In subsection "stretch (S) process", ref^enca S6 
nunwal 831 repr.esents a last location pointed to by the 
ideal pointer (virtual read address) and 81 1 represents 
a location pointed to by the actual pointer f rp* register). 



In this case, because the accumulated difference dif is 
dif ow as denoted at 821. the above-mentioned cortii- 
tion (2-1) is satisfied, so that th address calculator 302 
detennines that the stretch (S) process is to be carried 
out. In this stretch (S) process, waveform data are read 
out in the first cross-fading channel in a manner as 
shown by a triangle 801 representing a fading-out wave- 
form ((a) d Fig. 35). while waveform data are read out 
in the second aoss-fading channel in a manner as 
shown by an oppositely-oriented triangle 804 represent- 
ing a fading-in waveform ((b) of Rg. 35). 

In subsection 'namal (N) process", reference 
numeral 832 represents a last focaHon pointed to by the 
ideal pointer and 812 represents a location pointed to by 
the actual pointer. In this case, because the accumu- 
lated difference dif is dif ou as denoted at 822. the 
above-mentioned condition (2-2) ie satisfied, so that the 
address calculator 302 deternvnes that the normal (N) 
process is to be carried out In this normal (N) process, 
waveform data are read out in the first cross-fading 
channel in a manner cw shown by a triangle 802 repre- 
senting a fading-out waveform ((a) of Fig. 35), while 
waveform data are read out in the second cross-fading 
channel in a manner as shmn by an oppositety^- 
ented triangle 804 representing a fading-in wavefbrm 
((b) of Fig 35. 35). 

In subsection "conpression (C) process", reference 
numeral 833 represents a last value of the ideal pointer 
and 813 represents a location pointed to by the actual 
pdnter. In this case, because the accumulated differ- 
ence dif is dif^ou as denoted at 823. the above-men- 
tioned condttidh (1-1) is satisfied, so that the adttess 
calculator 302 determines that the compression (C) 
process is to be canied out In this compression (C) 
process. \Mtveform data are read out in the first cross- 
fading channel in a manner as shown by a triangle 803 
representing a fading-out wavefomi ((a) of Rg. 35), 
whSe waveform data are read out in the second cross- 
fading charvtel in a marvter as shown by an.oppositefy- 
oriented triangle 804 representing a tadlng-in wavefbrm 
((b) of Ftg 35). 

Further, in section (c) of Fig. 35. there are shown 
other examples of determination for waveform readout 
in the next reproduction period. If the virtual read 
address has advanced from a location pointed to by the 
ideal pointer 851 in the last or prececEng reproduction 
period by an amount denoted by 852. then the accumu- 
lated difference dif becomes as denoted at 823. the 
above-mentioned ooncfition (2-1) is satisfied, so that the 
address calculator 302 detenmes that the stretch (S) 
process is to be carried out If the virtual read address 
has advanced from the ideal pointer location 851 in the 
preceding reproduction period by an amount denoted 
by 854. then the accumulated diff^ence dif becomes as 
denoted at 855, the above-mentioned condition (2-2) is 
satisfied, so that the address calculator 302 determines 
that the normal (N) process is to be earned out Further, 
if the virtual read address has advanced from the ideal 
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pointer location 851 in the preceding reproduction 
period by an amount denoted by 856, then the accumu- 
lated difference dif becomes as denoted at 857. the 
above-mentioned condition (M) is satisfied, so that th 
address calculata 302 determines that the corrpres- 5 
sion (C) process is to be earned out 

In relation to Fig. 35, the address calculata 302 has 
been described as selecting one of the stretch (S) proc- 
ess for allowing the actual read address to be moved 
back by one period of the waveform, the normal (N) 10 
process for allowing the actual read address to advance 
in the normal manner, and the compression (C) process 
for allowing the actual read address to jurrp by one 
period. In an alternative, the actual address may be 
allowed to move back or jump by two or more periods. 15 
Rg. 36 shows an example where the actual address is 
alloived to rTK3ve back or jump by two periods. 

More specifically, in Rg. 36. a location panted to by 
the ideal pointer determines a data division to be read 
out in the second cross-fading channel in the next repro- 20 
ductfon period: that is, one of the data divisiats which 
has its start point closest to the Ideal pointer location is 
selected as the data divisfon to be read out in the sec- 
ond cross-fading channel in the next reproduction 
period. 25 

Assuming that the ided pointer (virtual read 
address) in the reproductkxi period t>efore the preced- 
ing one was at locatfon 902 witNn area 905, a Ming-in 
wavafom region 906 was read out in the second aoss- 
fading channel in the preceding reproductkxi period, ao 
Thus, 'rp' is at location 907 in the cun-ent reproduction 
period, and a feding-out wavefcym regfon 910 is read 
out in the first aoss-fadtng channel in the cunent repro- 
ductfon period. 

In the preceding reproduction period, the ideal 35 
pointer has advanced over an amount ^2 ou x CRats* 
up to k)catk)n 904. At that tima the accumulated differ- 
ence drf is dif as denoted at 912 and the ideal 
panter is within area 906, so that a facfing-in waveform 
region 911 is read out in the second croes-fadinp chan- 40 
nel in the current reproductkxi period. 

This way, in the current reproductkxi period, cross- 
fade synthesis is effected between the waveform regfon 
910 read out in the first cross-toding channel and the 
wavefonn region 911 read out in the second cross-lad- 45 
ing channel, so that the read pointer rp is aOowed to 
jump over two perfods to Irp nnt' location as denoted at 
908. 

The advandng amount (InaemenQ of the virtual 
address in each of the reproduction periods may be so 
made greater a smalerthan the exanple of Rg. 36, l3y 
varying the value of tnne-axis stretch/compresskxi ratio 
CRate. According to the iflustrated example, the data 
division to be read out in the second cross-fading chan- 
nel in each of the reproduction periods may be aifoiwed ss 
to lireely jurrp \n the fooMard a backward directfon. 

Rg. 37 is a diagi^ showing an example of control 
when time-axis stretchAconpression ratio CRate is 1.5 



(as in the readout exanple 413 of Rg. 31). Reference 
numeral 1001 represents a manner in whk:h the read 
address advances in the first cross-fading channel. The 
horizontal axis represents time in which the namal (N) 
and compression (C) processes are repeated in this 
order, one process per reproduction period. The vertical 
axis represents address (AORS), and tin 1005 repre- 
sentative of waveform data is drawn afong the vertfoal 
axis to indicate an approximate focation in data divi- 
sions A to F to be pointed ta Reference numeral 1002 
represents a manner in which the read address 
advances in the second cross-fading channel. Refer- 
ence numeral 1003 represents a variation in value of the 
read pointer rp, reference numeral 1004 represents a 
variatkxi in value of the cyde count CC, whk:h varies in 
such a manner to cumulatively inaease every reproduc- 
tion period. The read pointer rp advances to sequen- 
tially point to data divisions A, B.0 and E, as previously 
noted. Address is generated in the first cross-fading 
channel in the manner shown at 1001 by adding the 
value of the read pointer rp and the cyde count CC. 
Address generated in the second aoss-fading channel 
advances in the manner shown at 1002 to sequentially 
pdnt to data diviskxis A, C, D and R TWo waveform 
regfons read out using such addresses are subjected to 
aoss-fade synthesis, and thus a tone waveform is 
reproduced at a designated pitch for a reproducing 
tome corresponding to four reproductkxi periods. 

Rg. 38 shows an example when time-axis 
stretch/compresskxi ratio CRate is 1 .0 fa reproduction 
with an original reproduce time length, and Rg. 39 
shows an example when time^ stretch/compresskxi 
ratio CRate is 0.75 Ibr reproduction with a stretched 
reproducing time length. 

ltshouUbeobvkxisthattheabov»descrit)ed pre- 
fered embodiment empfoying the wavefonn generating 
section 111 anranged in the manner as shown in Rgs. 
29 and 30 is applicable to a variety of purposes just like 
the prefon-ed embedment employing the wavefam 
generating sectfon 1 1 1 of Rg. ^ 

For enunple. the control of the present invention is 
applicable to a case where a musical tone peribrmed 
using a performance style, such as vforato. tremokx 
etc.. is recorded, for a time length corresponcfoig to one 
modiiation period, in the waveform memory 301. The 
thus-recorded modulation-inparted wavefam data are 
read out ki response to each tone generatkig instruc- 
tioa Then, with the control of the present invention, 
tones having desired pitches and modulation periods 
can be generated from just one set of the mocfcjlation- 
imparted wavefam data, by aflowing the actual read 
pointer to advance at a rate conesponding to a desig- 
nated pitch while alfowing the virtual read pdnter to 
acMmce ata rate based on a ratio between ttie aiginal 
modiiation period and the designated modulation 
period 

The control of the present invention is also advanta- 
geously applicable to a situation whae a waveform. 
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based on a pitch bend perlbrmance on a guttar or the 
like, is recorded in the waveform memory 301. With the 
control of the present invention, a bend-imparted wave- 
form having a desired pitch and bend rate can be repro- 
duced from just one set of the bend-imparted waveform 5 
data, by oontrotling tf)e advancing rate of the actual read 
pointer in accordance with a desired pitch and control- 
ling the advancing rate of the virtual read pointer Jn 
accordance with a desired bend rate when reading out 
the bend-inrparted waveform data from the wavefonn 10 
memory 301. 

Further, with the control of the present inventfon. 
the ler)gths of the rising and falling portfons of the wave- 
form data, representing a start to end of a tone, can be 
controlled independently of each other and in^espective is 
of a reproducing pitch of the tone. Fig. 40A shows 
exemplary variations of stretch/conpression ratio 
parameter used to stretch and compress reproducing 
times of only rising and falling portions. 

Further, by controlling the variation of the virtual 20 
read pointer with a swing waveform such as a noise or 
chaos waveform, it is possible to impart a variation 
based on time-axis stretch/compression modulation to a 
waveform tone color of a PCM tone generator. Rg. 408 
shows an example where the stretch/compression ratio 25 
is modulated with a swing waveform over time, to 
thereby achieve a tone color variation. Further, by per- 
forming the TSC control using such a swkig waveform, 
it is possisle to eliminate nrxxiotonousness due to repet- 
itive readout of the looping waveform segment of the 30 
waveform data stored in the waveform memory 301, as 
prevfously set fbrth in relation to Rg. 18. 

Furthemxxe. the TSC control of the present inven- 
tion may be advantageously appfied to a case where a 
wavefonn generated by a slur peribrmance on a wind 3S 
instnjment. guitar a the like is, stored in the waveform 
memory 301 . By performing the TSC control in reading 
out the slur waveform data, a time length of a transfer 
(shtf time) from one pitch to another can be controlled 
freely irrespective of the tone pitchea. 40 

Moreover, the TSC control of the present invention 
may be advantageously appfied to a case where a 
wavefonn of a performance tone, accompanied by pre- 
struck sound (or ornament), generated by a shir per- 
fbrmance on a stringed instrument wM instrument or 48 
the Oka is stored in the waveform memory 30f. By per- 
forming ttie TSC control in reacfing out the waveform 
data, a time length of the pre-etruck sound can be con- 
trolled irrespective of the tone pitch. 

Furthermore, where the TSC oontroi of the present so 
invention is applied to a PCM tone generator and a 
same set of wavefonm data are to be read out at differ- 
ent reproducing pitches, the TSC control can control the 
respective tone reproducing time lengttis to be equal to 
each other (the examples of Rgs. 16 and 17). 59 

Also, where the TSC control of the present inven- 
tion is applied to a PCM tone generator, it can create^ 
from a same set of plural-cycle waveform data, a plural^ 



ity of tone cotor waveforms having different reproducing 
time lengttis. 

Moreover, by applying the TSC control of ttie 
present invention to a PCM tone generator, one set of 
waveform data stored in ttie waveform menrwry 301 can 
be read out witti its reproducing time lengtti variably 
controlled in acoontence wttti a designated note length. 

AHhough a reproducing time lengtti based on repet- 
itive readout would result in a monotonous tone color in 
ttie looping wavefam segment, ttie TSC control of ttie 
present invention is capable of varying the tone color in 
ttie looping waveform segment to ttiereby eliminate ttie 
monotonous, by appropriately conttolling ttie 
stretch/compression ratia The TSC control can be 
applied to a variety of apptfoations ottier ttian ttie above-, 
mentioned. 

Aocprding to ttie present invention, a resampling 
technique may be used to prevfously process respective 
sizes of individual data divisfons of a plural-cyde wave- 
form before being stored into the wavefonn menwy 
Whereas ttie prefenred embodiments have been 
described above as carrying out cross-lade synttiests 
even in ttie normal (N) process, ttie cross-fade synttie- 
sis is not necessary in ttie nomnal (N) process as obvi- 
ously understood from ttie foregoing and hence may be 
omitted. However, because ttie afbresakl control of ttie 
present invention, where cross-tede synttiesis ta 
effected only 'apparentty* in ttie normal (N) process, 
can be arranged to unconditionally perform ttie cross- 
fade synttiesis and ttius can eliminate ttie need to deter- 
mine, in consideration of contents of a time-axis 
stretch/compression control parameter, whettier or not 
ttie crosa-tade synttiesis should be effected. This 
arrangement can significantty simplify ttie necessary 
control and construction 

Furthermore, as prevfously stated, ttie number of 
cycles included in each of ttie data divtstons may be just 
one or two or more. Altematively, ttie number of cycles 
may differ from one data cfivision to anottier. 

Moremr. whereas the preferred embodiments 
have been described above as controlling ttie advances 
of ttie virtual and actual addresses every reproduction 
period, ttie address advance control may be executed at 
shorter or longer intervals. Also, ttie reproduction period 
where ttte comparative control of ttie addresses is per- 
formed may be <^ianged to another one in ttie course of 
reproductfon of a waveform. 

Alsa afttiough ttie accumulated difference is caicu- 
tated, in ttie above<lescrbed preferred embodiments, in 
terms of ttie number of addresses in ttie waveform 
memory, it may be calculated in terms of the number of 
data divisfons usxng the following equation: 

cff ■ dif + Acfif 

Inthiscase. 

ttie compressfon (C) process is selected if <fif k 0.5 
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(i.e.. rf the accunuitated difference is greater than 

one hatf of the reproduction penod); 

the stretch (S) process is selected if dif - 0.5 (i.e.. 

if the accurrulated difference is greater than one 

half of the reproduction period): and 

othenwise (i a* the accumulated difference is 

sn^ller than one hatf of the reproduction period). 

the normal (N) process is selected. 

Further, Adif is calculated as follows: 

for the stretch (S) process. Adif - CRate ; 

for the namal (N) process. Adif • CRate • 1 : and 

for the compression (C) process Adif « CRate - 2 . 

It is also important to note that whereas the respec- 
tive start points of the individual data divisions are set to 
be in same phase in terms of one kind of phase value 
(arnplitude value and varying slcpe) in the above- 
described preferred embodiments, they may be set to 
be in same phase in terms of two or more Mnds of 
phase value, in which case one data division may be 
connected at any one phase-value point to another data 
division upon termination of a corresponding reproduc- 
tion period. 

Further, whereas the preferred embodiments have 
been described as using fadtng-in and fading-out wave- 
form data regions fixedly in aoss-fade synthesis, the 
tm waveform data regions may be used alternately as 
the fading-in arid fading-out waveform data regions. 

[Pattemization of Tlmewise Variations of TSC Control 
Parameter] 

Parameter for the TSC control may be variabty set 
in response to real-time performance operation or may 
be present in ooaesponding relations to various tone 
colors and effects, as set forth above. It is prefenred that 
timewise variations of the stretch/compre ssi on control 
parameter for use in the TSC control be pattarrtized in 
that the pattemization easOy achieves desired tkr^ewise 
variations of the TSC control and permits programming 
such that the time-axis stretch and compression control 
is effected for a predetermined tone generating period 
(e.g.. optionally-selected partial perfod such as a rising 
or faning portion of a tone or a whole tone generating 
period). Rgs. 41 and 42 show examplee of such time- 
wise variation patterns of the TSC control parameter. 

Spedficaily. Figs. 41 A to 41C show timewise varia* 
tion patterns of the TSC control parameter O e» 
stretch/compressfon ratio CRate) used In the scheme 
where the TSC control is carried out using the 
stretch/compression ratio CRate (namely, where the 
TSC control is carried out using the waveform generat- 
ing section ill as shown in Figa 29 and 30). The start- 
ing point of the horizontal time axis represents, for 
example a tone-generation starting point More specifi- 
cally. Fig. 41 A shows an example where the vahie of the 
stretch/conpression ratfo CRate is fixed rather than var- 
ying over time. F»g. 41B shows another example where 



the stretch/compression ratio CRate gradually 
increases from a small value in an attack portion and 
then becomes 6ut)^amially fixed in value in a succeed- 
ing sustain portion. Using this pattern, the TSC control 

5 is executed such that the generated tone presents a 
greatest time-axis stretch at its initial portion and then 
gradually returns to the original time-axis locationa Rg. 
41 C shows still another example where the stretch/com- 
pression ratio CRate gradually decreases from a great 
10 value in an attack portion and then becomes substan- 
tially fixed In value in a succeeding sustain portion. 
Using this pattern, the TSC control is executed such 
that the generated tone presents a greatest time-axis 
compression at its initial portion and then gradually 

15 returns to the original time-axis locations. 

Rgs. 410 to 41F show timewise variation patterns 
of the TSC control paFanr>eter (i.e.. virtual read address 
VAO) used in the scheme where the TSC control is car- 
ried out using the virtual read address VAO (namely, 

20 where the TSC control is carried out using the waveform 
generating section 1 1 1 as shown in Fig. 2). Examples of 
Rg& 410. 41E and 410 are similar to the above- 
deecribed examples of of Figs. 41A, 41B and 41C. 
respectively, except that the virtual read address VAO is 

25 used as the TSC control parameter. 

It is most preferable that the timewise variation pat- 
terns of the TSC cr^rtrol parameter (i.a. stretch/conv 
pression ratio CRate or vnlual read address VAO) as 
shown in Ftg. 41 may be prestored \n a table Ibrmat in 

30 nr)emory. Note that where timewise variation patterns of 
the virtual read address VAO are prestored as in ttie 
examples c« Rga 410. 41E and 41F. the virtual read 
address calculator 17 may be arranged to multiply a 
time function of the virtual read address VAO read out 

33 from the table by "pitch infor m ation' rather tiian accu- 
mulating the "pitch information" at a sampling fre- 
quency. It should be obvious that timewise variation 
patterns of stretcfVcompression ratio SCR (Ftg. 2) may 
be prestored in the manners shown in Rga 41A. 41B 

40 and 41C, instead ot the timewise variation patterns of 
ttie virtual read address VAO being cfirectfy prestored in 
ttie manners shown in Rga 410. 41E and 41F. 

Rg. 42 shows various ocanples where timewise 
variation patterns of ttie TSC control parameter similar 

48 lottiose Of Fig. 41 are generated generally tike broken- 
line graphs using an arittvnetic operator such as an 
envekspe generator. SpeciTtcatly. Rga 42A lo 42F show 
ramples where timewise variation patterns of ttie TSC 
control parameter, similar to ttiose of Rga 41 A to 41F 

50 are created by real time arittimetic operations, instead 
of using a table or memory. 

The exanrplesshowntnFtga4l and42areju8tfbr 
illustrative purposes, and various ottier patterns ttian 
ttie illustrated examples may of course be prestored or 

55 arittimetically aeated. 

Furttier. Rga 43A and 438 show examples of tone 
cola control using any of ttie timewise variation pat- 
terns of ttie TSC control parameter as shown in Rga 41 
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and 42. each showing an exenrplary an-angement of a 
control infbnnation table con-eeponding to a tone color. 

More specifically. Rg, 43A shows an example of 
various control information oorresporxJing to tone color 
name "A". Here, the TSC control Is carried out using th s 
waveform generating section 11 1 as shown in Rg. 30. 
According to this exampl . Waveform data f il 1 * is des- 
ignated as wavetorm-data^ile specifying information 
and "CRate variation 2" is designated as TSC-control* 
parameter-pattern specifying information. This corrtrol io 
infonnation table also includes various setting informa- 
tion such as tone volume envelope (EG) setting infor- 
mation. Here, the above-mentioned "CRate variation 2' 
spedfiee a predetermined one of the timewise varia- 
tions shown in Rg& 41 A to 41C and Rgs. 42A to 42C. is 
Namely, according to this example, plural-cyde wave- 
fam data of "waveform data file V are designated and 
read out from the waveform memory 301 (Fig. 30) as a 
tone waveform corresponcfing to tone color name "A", 
and tt)e TSC control is canied out in a time-varying 20 
fashion according to "CRate variation 2" to thereby ae- 
ate a desired waveform. In some application, anottier 
form of CRate variation than 'CRate variation 2' may be 
designated while the same Nvaveform data fie r ie 
designated. Namely, according to this exanrple. rt Is 25 
possible to provide an increased number of variations of 
tone color by using different forms of CRate variation 
while using ttie same data file. 

Rg. 43BshMs an example of various control infor- 
mation corresponding to tone color name "B". Here, the 30 
TSC control is carried out using ttie waveform generat- 
ing section 111 as shown in Rg. 2. According to this 
exanple. "Vrayefbrm data file 2" is designated as wav^ 
fdrm-data-ffle specifying information and "VAO variation 
3" is designated as TSC-control-parameteriwttem 3$ 
spedfytng information. This control information table 
also includes various setting irrtormation such as tone 
volume envelope (EQ) setting information. Here, ttie 
above-mentioned "VAD variation 3' spedfiee a prede- 
termined one cf ttie timewise variations shown in Rga 4o 
41 0 to 41 F and Rg& 42D to 42F Namely. aocortSng to 
this example, plural-cyde wavefbnn data of Nvavefomn 
data file 2' are designated and read out from the wave- 
form memory 10 (Rg. 2) as a tone waveform oorre- 
sponding to tone color name and the TSC control ie 45 
carried out in a time-varying fiashion accorc^ to "VAO 
variation 3** to thereby aeate a desired waveform. In ttiia 
case as wefl. anther form of VAO variation than "VAO 
variation 3' may be designated whBe tite sme '>Mave- 
form data f9e 2- is designated. Namely, acoorcfing to ttiis so 
example, it is possible to prtMje an increased nunt)er 
of variations of tone odor by using different forms of 
VAO variation while using ttie same data fla 

rSC Control Using Software Tone Generator 55 

Whereas ttie tone generator unit 103 including tti 
waveform generating section 111. in the prefered 



embedments, has been descrfoed as being imple- 
mented by dedicated hardware, rt may be implemented 
by software. 

Namely, to this end, a software system, so to speak 
a TSC control program", is built in such a manner to 
achiev desired one of ttie various forms of th TSC 
control of the present invention having been so far 
descrftjed in relation to Rgs. 2 to 43, and plural-cyde 
waveform data are stored in memory. Then, through 
operation of the thus-built software system (TSC control 
program), the waveform data are read out from the 
memory in a manner based on ttie above-described 
TSC corrtrd. 

Rg. 44 is a block diagram showing an example of 
an overall hardware configuration employed in ttie tone 
generator based on computer software. The hardware 
configuration may be implemented using a personal 
computer. 

In ttie illustrated tone generattx* system, a CPU 
(Central Processing UnH) 31 of a personal oonputer is 
employed as a main contrd unit which runs a predeter- 
mined TSC conttd program'* for perfonning TSC con- 
trd similtf to ttiat perfomed by ttie tone generator unit 
103 of Rg. 1. When necessary, ttie CPU 31 is capable 
of exeo/ting any other programs, induding one similar 
to ttie processing pro^^am executed by ttie ccntrd urvt 
102 of Rg. 1, concurentiy witti ttie TSC conttd pro- 
gram. 

To ttie CPU 31 are connected, via a data and 
address bus 44. various components, such as a ROM 
(Read Only Memory) 32, a RAM (Random Access 
Memory) 33, a networic t/0 (Input/Output device) 34. a 
timer 35, a mouse 36. a keyboard 37. a dsplay 38. a 
hod disk 39. a OMAC (Direct Memory Access Control- 
ler) 40. a sound 1^ 41. a sarrpling dock generator cir- 
cuit 42. an external memory drive 43 and a MIDI 
rntertEice 48. 

The sound MO 41 is an sound input^output device 
called a CODEC, which contains an analog-to<ligital 
converter (ADC), an input FIFO (Rrst-ln-Rrst-Out) 
buffer connected to ttie ADC and an output FIFO buffer 
connected witti a digrtal-to-anatog converter (DAC). 
Analog audfo signal is sii|3plied via an external audio 
signal input tenninal 45 to ttie ADC wittiin ttie sound I/O 
4 1 . where ttie signal Is converted into digital representa- 
tion in aocordanbe witti sanpling ckxk pulses Fs of a 
predetormined firequency (e.g., 48kHz) generated by 
ttie sanpling dock generator drcuit 42. The resultant 
A/D-converted audto signal is ttien fed to ttie input FIFO 
buffer. As tong 88 any data is present \n ttie ffiput FIFO 
butter, ttie sound I/O 41 operates to feed a recording- 
process requesting signal to ttie DMAC 40. In response 
to ttie recording-process requesting signal, ttie DMAC 
40 reads out ttie waveform data from ttie input buffer 
and stores ttie read-out waveform data into an internal 
memory, such as ttie RAM 33, by way of ttie bus 44. The 
waveform data ttiua stored in ttie RAM 33 are ?ien sub- 
jected to preliminary operations, as eariler described. 
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so that they can be adjusted to be appropriatety read 
out in accordance with the TSC control and divided into 
a plurality of data divisions for nnanagement purposes. 
A number of of such waveform data may be 
prestored In the hard disk 39. Thus, in this embodiment 5 
the ROM 32. RAM 33 or hand disk 39 coresponds to th 
waveform memay 10 ol Rg. 2 or the waveform memory 
301of Rg. 301. 

The TSC control program* may be prestored in any 
of the ROM 32, RAM 33 or hard disk 39. 10 

An external recording medium 46. such as a floppy 
disk, CD-ROM (Compact Disk- Read Only Memory) or 
MO (Magneto Optical disk), is removably attached to 
the external memory drive 43. and the external memory 
drive 43 writes and data data to and from the attached 15 
reoording medium 46. The external recording medium 
46 may be used to store the TSC control program", 
other programs, wavefbnn data and/or automatic per- 
formance sequence data. 

Further, the tone generator system may be con- 20 
nected to a communicatk)n network via the network UO 
34 so that it receives the TSC control program*, other 
programs and/or waveform data from an external server 
computer (not shown) and stores them into the RAM 33, 
hard disk 39 or external reoording medium 46. 25 

The CPU 31 executes the TSC control program", 
stored in, for axample. the RAM 33. to perform the TSC 
control as in the above-descnbed embodiments, to 
thereby read out TSC-controlled waveform data from 
the waveform memory 32. 33 or 39. Then, the CPU 31 90 
tempaarily writes the read-out waveform data into an 
output buffer within the RAM 33. In synchronism with 
reproductfon sampling dock pulses from the sound UO 
41 . the DMAC 40 reads out samples of the TSC-control- 
led waveform data, one sample per cfock pulse, from 35 
the output buffer in accordance wHh the conventional 
direct memory access scheme and feeds the samples 
to the sound 1/041. In turn, the sound I/O 41 temporar- 
ily writes the TSC-controlled waveform data into the out* 
put FIFO buffer provided therein, firom which the 40 
wavefbnn data are given to the OAC for 0/A oonveiBioa 
The resultant O/A-converted waveform data are then 
audiaiy reproduced throu^ the sound system 47. 

It is also important to note that al the lOnctfons of 
the tone generator unit 103 need not necessary be 45 
irrplemented by the 8of^Mlre tone generator and may 
be arranged as a hybrid typo that comprises a combina- 
tfon of software and hardware tone generators. For 
instance, the waveform data readout finom the waveform 
memory accordffig to the TSC control may be executed so 
through software processing, whHe the aoss-tode syn- 
thesis may be executed by dedicated hardware circuitry. 

The present inventfon as has been descnbed thus 
far affords a variety of advantageous results as set forth 
befow. 58 

When applied to.a tone generata based on wave- 
form data readout from a wavefbrm memory, the 
present invention can perfbmn optional variable control 



of the data readout rate (pitch) and simultaneously per- 
form control for optionally stretching and compressing 
the waveform data atong a time axis independently of 
the readout rata Thus, by introducing, as one independ- 
ent tone control factor, the control for stretching and 
compressing the waveform data in th time axis direc- 
tion, the present invention achieves the superior benefit 
that it can impart expression to a tone to be generated 
and effectively enhance expressfon and controllability of 
the tone, even with a sirrple structure that can effoc- 
tively save limited memory capacity by allowing a same 
set of stored waveform data to be shared for a plurality 
of different tone pitches. 

Further, when applied to the case where high<|ual- 
tty waveform data of a plural-cyde waveform corre- 
sponding to an optfonal performance style, such as 
those with modulation like a vibrato or tremola those 
with pitch modulation like a pitch bend or those with 
transient pitch fluctuatfon like a transient tone or ana- 
ment are stored in a waveform memay so that a tone 
is reproduced by reading out the stored wavefbrm data, 
the present invention can perform control for stretehwig 
and compressax} readout focatfons of the waveform 
data afong a time axis independently of the control of 
the waveform data readout rate (pitch control of the gen- 
erated tone). As a result, the present inventfon can pro- 
vkle a time-axis control parameter as an addttfonal tone 
control parameter for the optfonal performance style, 
thiA achieving suitable tone generation and tone control 
for the optfonal performance style with enhanced 
expression and controllability that have never been 
achieved to date. 

Furthermore, by perfomring the control for stretch- 
ing and compressing readout focatfons in a desired por- 
tion (whole a part) of the waveform data along the time 
axis independently of the control of the wavefbrm data 
readout rate (pitoh control of the generated tone) to 
thereby optforudly control a tone-reproducing or tone- 
generating time length of the desired portion, the 
present inventfon achieves a variety of variatfona of a 
tone waveform so as to permit tone generatfon and tone 
control with enhanced SKpressfon and controllabirity 
that have never been achieved to date. For example, the 
present invention can freely perform variable control of 
a tone-generating tfrne length of a rising portfon. fall^ 
portion or the like of a generated tone while maintaining 
the tone at a desired pitch. Alsa by variably controllkig 
the entire tinrw length of the generated tone while main- 
taining the tone at a desired pitch, the present inventfon 
can freely control the tone generating time length in 
conformity to a designated note length or the Itka 

By selectively generating time-axis stretchtng/oonrv 
preasing control intormaticn of a time-varying character- 
istfo in accordance with informatfon designating a tone 
cofor or the like, the preeent invention achiwea a variety 
of variatfons of a tone waveform ooaesponding to the 
designated tone color or the like and thereby aeate, 
through the time axis control, a variety of waveform var- 
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iations from waveform data of just one plural-cyde 
waveform. Moreover, in the case where wavetom) data 
of asame 

waveform portion are read out in a repetitive or 
looped manner from a waveform memory, the present 5 
invention achieves a variety of variations of a tone wave- 
fam and can minimize or effectively eliminate monoto- 
nousness resulting from the looped readout, by 
performing the control for stretching and compressing 
readout locations of a desired portion of the waveform io 
data along the time axis to thereby optionally control a 
tone-generating time length of the desired portion. 

In addition, the present invention achieves a variety 
of variations of a tone waveform, by performing the oon- 
trol for stretching and compressing readout locations of i5 
a desired portion of waveform data along the time axis 
to thereby impart positive control, such as a swing, to a - 
tone to be generated. 

Moreover, even in the course of reproduction of a 
tone wavefonm. the present invention achiovps a vpriety 20 
of variatiors of a tone waveform through real*ttnie con- 
trol, by performing the control for stretching and com- 
pressing waveform data along the time axis in real-lime 
response to dynamically changing ratios of compres- 
sion and stretch along the time axis. 2$ 

In addtion. in the case where any one of a pluraKty 
of sets of stored waveform data is selectably used for 
generation of atone, the present invention can perform 
tone control in an even further diversified manner, by 
sequentiaHy switching, in response to passage of time, x 
the s^ to be used to another set 

Aiso. the present invention achieves time-axis 
stretch and compression control that provides for a 
smooth waveform variations by perfonning cross-fEKJe 
synthesis during the control. 35 

Furthermore, in the case where waveform data divi- 
sions to be cross-faded sequentially change, the 
present invention is arranged to fbc the croes-fading 
(fading-in and fading-out) direction in each of the crose- 
fading channels so that a transfer always ocuir« Irm 40 
the waveform data of the fM cross-fa^ channel to 
the waveform data of the second croes-facSng channel. 
Wtth this arrangement it Is possible to fix a functional 
wavefonn of cross-fading coefficient tar each of the 
cross-fading channels and thereby fBcStatefonmatton of 45 
the functional wmfona 

FinaOy, even when no timshaxis stretch a conpres- 
sion is to be carried out 1h« present invention is 
arranged to perform orose-tade synthesis between 
same waveform data read out two croes-^ng chan- so 
nels to thereby prevent occun'ence of time-axis stretch 
or compression of the waveform data. In this manner, 
the present invention perfomis the cross-fade synthesis 
at any time only "apparently*. As a result, the present 
invention can be arranged to unconditionally perform 59 
thecross-flade synthesis at any time and thus can efinv 
inate the need to determine, in consideration of con- 
tents of a time-axis stretch/compres s ion control 



parameter, whether or not the aoss-fade synthesis 
should be effected. This arrangement can significarTtiy 
simplify the necessary control and construction. 

Claims 

1 . A tone generating de^e comprising: 

a waveform menoory having stored therein 
waveform data of a plural-cyde waveform; 
a pitch designating section that designates a 
pitch of a tone to be generated: 
a corrtrol information generating section that 
generates control information specifyir)g. in a 
time function, an address location of the wave- 
form data to be read out from said waveform 
memory: 

an address generating section that generates a 
read address advancing at a rate con^espond- 
ing to the pitch designated by said pitch desig- 
nating section; 

a control unit ttiat makes a comparison 
between the address location specified by the 
control information and a location of the read 
address generated by said address generating 
section and controls shifting of the read 
address in accordance with a result of the com- 
parison; and 

a section that reads out the waveform data on 
the basis of the read address controlled by said 
corrtrol unrt 

2. A tone generating device as recited In daim 1 
whereni the waveform data stored in the waveform 
memory are divided into a plurality of data divisions 
and managed in such a manner that respective first 
waveform data of the data divisions generally coin- 
cide with each other In phase, and 

wherein when a difference between the 
address location specified by the control informa- 
tion and the tocation of the read address generated 
by said adi^ess generating section has exceeded a 
predetermined value, said control unit shifts ttie 
read address by an amount corresponding to one 
or more of tl^ data divisions 

X A tone generating device as recited in clakn 1 or 2 
which further oonprises a cross-facfing section that 
when a shift of the read address is to be canied out 
by said control irit performs cross-fade synthesis 
between the waveform read out from said waveform 
memory on the basis of the read address gener- 
ated before the shift and the waveform read out 
fnxn said wavefonn memory on the basis of tiie 
read address generated after the shift 

4. A tone generating device conprising: 
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a waveform memory having stored therein 
waveform data of a plural-cyde waveform hav- 
ing a modulatfon effect inparted thereto; 
a pitch designating section that designates a 
pitch of a tone to be generated: 5 
a section that generates control information to 
control a time axis of modulation; 
a control unit that designates, in response to 
passage of time, disaete locations of the wave- 
form data to be. read out from said waveform io 
memory with a time axis of the waveform data 
controlled, by said control unit, to be stretched 
or compressed in accordance with the control 
information; and 

a readout section that reads out from said is 
waveform memory the waveform data at the 
locations designated by said control unit at a 
rate corresponding to the prtch designated by 
said pitch designating section. 

20 

5. A tone generating device comprising: 

a waveform memory having stored therein 
waveform data of a plural-cyde waveform; 
a pitch designating section that designates a 2S 
pitch a tone to be generated: 
a section ttiat generates control information in 
con'espondence witti a predetermined portfon 
of the waveform data to be repetitively read out 
from said waveform memory: so 
a control unit that designates, in response to 
passage of time, disaete locations of the wave- 
form data to be read out from said waveform 
memory with a time axis of tiie waveform data 
controlled, by said control unit, to be stretched 38 
or compressed in accordance with the control 
information; and 

a readout section that reads out the wavefonm 
data from said waveform memory at a rate cor- 
responding to the pitch designated by said 40 
pitch designating sectfon, wherein when the 
predetermined portion is to be read out repeti- 
tively, said readout section reads out the wave- 
form data at the focations destgneted by said 
control unit at the rate oorrespondng to the 45 
designated pHch. 

6. A tone generatbig device comprising: 

a wavefonm memory havvig stored therein so 
waveform data of a plural-cyde waveform; 
a pitch designating section that designates a 
pitch Gf a tone to be generated; 
a section that generates control infonmation 
varying with time; ss 
a control unit that designates, m response to 
passage of time, discrete locations of the wave- 
fonn data to be read out from said wavefonm 



memory with a time axis of the waveform data 
controlled, by said control unit to be stretched 
or compressed In accordance with ttie control 
information; and 

a readout section that reads out from said 
waveform memory the waveform data at ttie 
locations designated by said control unit at a 
rate corresponding to the pitch designated by 
said pitch designating section. 

7. A tone generating device comprising: 

a waveform memory having stored therein 
waveform data of a piuraJ-cyde waveform hav- 
ing a ional characteristic variation imparted 
thereto over a predetermined period based a 
predetermined style of performance; 
a pitch designating section that designates a 
pitch of a tone to be generated; 
a section that generates control information to 
control a tone generating period based on the 
predetermined style of performance; 
a contrd unit that designates, in response to 
passage of tbne. dsaete focations of ttie wave- 
form data to be read out from said waveform 
memory with a time axis of the waveform data 
contrdled. by said control unit to be stretched 
or compressed in accordance with ttte control 
information; and 

a readout section tturt reeds out from said 
waveform memory the waveform data at the 
locations desired by said control unit at a 
rate corresponding to ttie pitch designated by 
said pitch designating section. 

8. A tone generating device as redted in daim 7 
wherein ttie tonal characteristic variation imparted 
to ttie wavefonm data are a variation of at least one 
of tone pitch, color and vokime. 

9. A tone generating device as redted in daim 7 or 8 
wherein said contrd Information designates eittier 
a botti of start and end pdnts of ttie tone generat- 
ing period based on ttie predetermined style of per- 
formance, and a time lengtti of ttie variation. 

ia A tone generating device as redted in daim 7 or 8 
wherein said control information designates one of 
start and end points of ttie tone generating period 
based on ttie predetermined style of peribrmance. 
and a rate of ttie variation. 

11. A tone generating device conrpris^: 

a wavefomn memory havkig staed ttierein first 
wavefomi data representative of a first wave- 
form, second waveform data representative of 
a second wavefomi, and ttiird wavefomi data of 
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a plural*cyde third waveform having a tonal 
characteristic variation irrparted thereto to 
interconnect said first waveform and said sec- 
ond waveform; 

a pitch designating section that designates a s 
pitch of a tone to b generated; 
a section that when a transfer from said first 
waveform to said second waveform is 
instructed, performs control such that said first 
waveform and said second waveform are read 10 
out with said third waveform inserted therebe- 
tween; 

a section that generates control information to 
control a time over which said third waveform is 
to be used; 75 
a control unit that designates, in response to 
passage of time, discrete locations of at least 
part of said third waveform to be read out from 
said waveform memory with a time axis of said 
third wavefomn data controlled, by said control 20 
unit to be stretched or compressed in accord- 
ance with the control informatfon; and 
a readout section that reads out the waveform 
data from said wavefomi memory at a rate cor- 
responding to the pitch designated by said 25 
pitch designating sedfon. wheretfi said third 
waveform data are to be read out said readout 
section reads out said third waveform data at 
the locations designated by said control unit at 
the rate «)nresponding to the designated pitch, so 

12. A tone generating device comprising: 

a waveform memory having stored therein 
waveform data of a plural-cyde waveform; 35 
a pitch designating section that designates a 
pitch of a tone to be generated: 
a section that generates control information in 
correspondence with a predetermined partial 
tone generating period; 40 
a control unit that designates, in response to 
passage of tinf)ei disaete locations of the wave- 
form data to be read out from said waveform 
memory with a time axis of the waveform data 
controlled, by said control unit to be stretohed 46 
or compressed in acoofda nce with the control 
information; and 

a readout section that reads out from said 
waveform memory the waveform data at the 
focations designated by said control unit at a so 
rate corresponding to the pitch designated by 
said pitch designating section. 

13. A tone generating device comprising: 

59 

a wavefpmi memory having stored therein 
waveform data of a plural-cycle waveform; 
a pitch designating sectfon that designates a 



pitch of a tone to be generated; 

a color designating section that designates a 

color of the tone to be generated; 

a section that generates control information 

varying in a manner corresponding to th color 

designated by said color designating section, in 

response to passage of time from a tone-gen- 

eratfon starting point; 

a control unit that designates, in response to 
passage of time, discrete locations of the wave- 
form data to be read out from said waveform 
memory with a time axis of the waveform data 
controlled, by said control unit to be stretched 
or conpressed In accordance with the control 
information; and 

a readout section that reads out from said 
wavefonn menwy plural cycles of the wave- 
form data corresponding to the designated 
color at a rate coresponding to the pitch desig- 
nated by said pitch designating section, 
wherein said readout section reads out the 
wavefomn data at the locations designated by 
said control unit at the rate corresponding to 
the designated pitch, 

wherein the waveform data of a plurat- 
cyde wavefomi staed in said wavefonn mem- 
orj *n r^ed for at least two different cofors 
and the control infor ma tion for the at least two 
different coIotb is arranged in different man- 
ners. 

14. A tone generating device comprising: 

a mveform memory having stored therein 
waveform data of a plural-cyde waveform; 
a pitch designating section that designates a 
pitch of a tone to be generated; 
a section that generates control information in 
real t^ during generation of a tone: 
a contra unit that designates, in response to 
passage of tkne. disaete locations of the wave- 
form data to be read out from said waveform 
memory with a time axis of the waveform data 
controlled, by sctid control unit to be stretched 
or compressed in accordance with the control 
informafan; and 

a readout section that reads out from said 
waveform memory the waveform data at the 
locations designated by said control unit at a 
rate corresponding to the pitch designated by 
said pitch designating section. 

15. A tone generating device compristfig: 

a waveform memory having stored therem plu- 
ral different sets of waveform data of plural- 
cyde waveforms; 

a pitoh designating section that designates a 
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pHch of a tone to be generated; 
a waveform designating section ttiat desig- 
nates any one of the sets of waveform data, 
said waveform designating section sequentially 
switching the designated set to another one of 5 
the sets in response to passage of time; 
a section that generates control information; 
a control unit that designates, In response to 
passage of time, discrete locations of the set of 
waveform data, designated by said wavefomi io 
designating section, to be read out from said 
waveform memory with a time axis of the set of 
waveform data controlled, by said control unit 
to be stretched or compressed in accordance 
with the control informatfon; and is 
a readout section tiiat reads out from said 
waveform memory the waveform data at the 
locations designated by said control unit at a 
rate corresponding to the pitch designated by 
said pitch designating sectfon. 20 

16. A tone generating device comprising: 

a waveform memory having stored therein 
waveform data of a plurai-cyde waveform; 25 
a pitch designating sectfon that designates a 
pitch of a tone to be generated; 
a section that generates control information to 
control a time length c^er which a tone is to be 
generated; 30 
a control unit that designates, in response to 
passage of time, discrete focations of the wave- 
form data to be read out from said waveform 
memory with a time axis of the waveform data 
controlled, by said control unit, to be stretched 38 
or compressed in accordance with the control 
irrformation; and 

a readout section that reads out from said 
wavefdrm memory the waveform data at the 
locations designated by said control unit at a 40 
rate corresponding to the pitch designated by 
said pitch designatmg section. 

17. A method of generating a tone on the basis of rea- 
dout from a waveform memory having stored 49 
therein waveform data of a piura^cyde waveform, 
said method comprising: 

a step of designating a pitch of a tone to be 
generated: so 
a step of generating control information speci- 
fying, in a time function, an address focation of 
the waveform data to be read out firom said 
waveform memory; 

a step of generating a read address advancing 55 
at a rate corresponding to the pitch designated 
by said step of designating a pitch; 
a step of maldng a comparison between the 



address location specified by the control infor- 
mation and a location of the read address gen- 
erated by said step of generating a read 
address and controlling shifting of th read 
address in accordance with a result of ttie com- 
parison; and 

a step of reading out the waveform data on the 
basis of the read address controlled by said 
step of controlling. 

ia A method as recited in claim 17 wherein the wave- 
form data stored in the waveform memory are 
divided into a plurality of data divisions and man- 
aged in such a manner that respective leading 
waveform data of the data divisiorw generally coin- 
cide wrtti each other in phase, and 

wherein when a drfferenoe between ttie 
address location specified by ttie control informa- 
tion and ttie location of ttie read address has 
exceeded a predetermined value, said control step 
shifts ttie read address by an amount con-espond- 
ing to one or more of ttie data divisions. 

ia A mettiod as recited in daim 17 which furttier com- 
prises a step of. when a shift of ttie read address is 
to be carried out by said shift step, performing 
cross-fade synttiesis between ttie waveform read 
out from said waveform memory on ttie basis of ttie 
read address generated before ttie shift and ttie 
waveform read out from said waveform memory on 
ttie basis otf ttie read address generated after ttie 
shift 

2a Amettiodof generating a tone on ttie basis of rea- 
dout from a waveform memory having stored 
ttierein waveform data of a plurat-cyde waveform, 
said mettiod comprising: 

a step of designating a pitch of a tone to be 
generated; 

a step of generating control information: 
a control step of designating, in response to 
passage of time, dsaete focations of ttie wave- 
fomi data to be read out from said waveform 
memory wittt a time axis of ttie waveform data 
contrdled, by said control step, to be stretched 
or compressed in accordance witti ttie control 
information; and 

a step of reading out from said waveform menv 
cry ttie waveform data at ttie locations desig- 
nated by said control step at a rate 
corresponding to ttie pitch desif^ed by said 
step of designating. 

whereby a tone is generated which has 
the designated pitch and waveform data of a 
characteristic controfled. by said control^step. 
to be stretched or compressed along a time 
axis in accordance witti ttie control information. 
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21. A machine-readable recording medium containing 
a group of instructions of a program to be executed 
by a computer tor generating a tone on the t>asis of 
readout from a waveform memory having stored 
therein waveform data of a plural-cycle waveform. 5 
said medium comprising: 

means tor designating a pitch of a tone to be 
generated; 

means tor generating control information spec- 10 
ifying, in a time function, an address location of 
the waveform data to be read out from said 
waveform memory; 

means tor generating a read address advanc- 
ing at a rate caresponding to the pitch desig- is 
nated by said means tor designating a pitch; 
means tor making a comparison between the 
address location specified by the control intor- 
mation and a location of the read address gen- 
erated by said means tor generating a read 20 
address and controlling shifting of the read 
address in accordance with a resUt of the com- 
parison; and 

means tor reading out the wavetorm data from 
said waveform menrx)ry on the basts of the read 25 
address controlled by said means tor control- 
ling. 

22. A machine-readable recording medium containing 

a group of instructions of a program to be executed 30 
by a computer tor generating a tone on the basis of 
readout from a vtovetorm memory tmrng staed . 
therein waveform data of a plural-cycle waveform, 
said medium comprising: 

38 

means for designating a pitch of a tone to be 
generated; 

means tor generating control infbrmatton; 
control means tor designating. In response to 
passage of time, discrete locations of the wHve- 40 
torm data to be read out from said waveform 
memory wHh a time axis of the wavetorm data 
corirr<lel by said control step, to be stretched 
or compressed In accordance wHh the control 
infbrmation; and 46 
meant for reading out from said waveform 
memory the waveform data at the locations 
designated by said control means at a rate oor- 
respondng to the pitch designated by said 
means of designating. so 

23. A tone generating device comprising: 

a waveform generating section that generates 
wavetorm data \n two channels; 55 
a wavetorm designating section that desig- 
nates waveform data to be generated in a first 
one of said two channels of said waveform gen- 



erating section and waveform data to be gener- 
ated in a second one of said two channels of 
said waveform generating section; 
a cross-Me synthesis section that executes 
cross-fade synthesis such that a transfer 
occurs from th waveform data generated in 
said first channel to the waveform data gener- 
ated in said secorxi channel; 
a first control section that sequentially instructs 
said waveform generating section to generate 
additional waveform data having an optional 
length and controls said cross-lade synthesis 
section to execute the cross-Me synthesis for 
a period corresponding to the length of the 
additional waveform data; and 
a second control section that after completfon 
of the cross-tode synthesis by said cross-fade 
synthesis section, controls designation by said 
waveform designating section in such a nr^n- 
ner that the waveform data having been so far 
generated in said second channel are gener- 
ated in said f M channel and said additional 
waveform data are generated in said second 
channel. 

24. A tone generating d«^ conrprising: 

a waveform memory having stored therein 
waveform data of a plural-cyde waveform; 
a pHch destgnatkig section that designates a 
pitch of a tone to be generated; 
a waveform designating section that desig- 
nates, in response to passage of time, disaete 
locations of the waveform data to be read out 
from said waveform memory with a time axis of 
the waveform data controlled to be stretched or 
conrpressed. so as to identify first waveform 
data at cun'entty designated locations and sec- 
ond waveform data at following locations hav- 
ing been controlled to be stretched or 
compressed relative to the cun'endy desig- 
nated l ocattons; 

a readout section that reads out from said 
waveform memory, said first and second wave- 
form data designated by said waveform desig- 
nating section, to output said first and second 
waveform data through first and second chan- 
nels, respectively; 

a cross-tode synthesis sectton that always exe- 
cutes cross-fade synthesis such that a transfer 
Qcam from said ffast waveform data supplied 
through said first channel to said second wave- 
form data suppfied through said second chan- 
nel; and 

a control unit that after completion of the cross- 
fade synthesis by said cross-fade synthesis 
section, controls designation by said waveform 
designating section in such a manner that the 
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wavefam data having been so far generated in 
said second channel are oulputted by said rea- 
dout section through said first channel and the 
waveform data at new locations having been 
controlled to be stretched or compressed rela- $ 
tive to the locations of said second waveform 
data are outputted by said readout section 
through said second channel. 

25. A tone generating device comprising: io 

a waveform memory having stored therein 
waveform data of a plural-cycle waveform: 
a pitch designating sectfon that designates a 
pitch of a tone to be generated: is 
a waveform designating section that desig- 
nates, in response to passage of time, discrete 
locations of the waveform data to be read out 
from said waveform memory with atime axis of 
the waveform data controlled to be stretched or 20 
compressed, so as to identify first waveiorm 
data at current locatfons and second waveform 
data atfbllcwing locatfons having been control- 
led to be stretched or compressed relative to 
said first waveform data: 2S 
a readout sectfon that reads out from said 
waveform memory, said first and second wave- 
form data designated by said waveform desig- 
nating section, to output said first and second 
waveform data through first arvj second chan- 30 
nels, respectively; 

a cross-fade synthesis sectfon that executes 
cross-fode syrnhests such that a transfer 
occurs from one of said fr^ and second wave- 
formdata supplied through one of said first and 35 
second channels to another of said first and 
second waveform data; and 
a control unit that after oompletfon of the croes- 
fade synthesis by said cross-fade synthesis 
sectfon. controls designatfon by said wav^fr^ 40 
designating section in such a manner that said 
second waveform data continue to be oulput- 
ted by said readout sectfon through a same 
one of said first and second channels as having 
been so far used and the waveform data at new 48 
locations having been controfled to be 
stretched or compressed relatNe to the loca- 
tions of said second waveform data are output 
ted by said readout section through another of 
said first and second channels and also so 
changes a cross-ftK^ dbrectfon in said cross- 
fade synthesis section. 

26. A tone generating device comprising: 

a waveform memory having stored therein 
waveform ddta of a plural-cyde waveform: 
a pitch designating section that designates a 



pitch of a tone to be generated: 
a control urrit that designates, in response to 
passage of time, disaete locations of the wave- 
form data to be read out from said waveform 
memory with a time axis of the wavefam data 
controlled, by said control unit to be stretched 
or compressed: 

a waveform designating section that, in 
response to designation by said control unit, 
designates a first part of the waveform data at 
cun-ent locations and a second part of the 
wavefonn data at locations following the cur- 
rent locations when stretch of the waveform 
data is to be executed, designates the first part 
of the waveform data at current locations and a 
second part of ttie waveform data at locations 
preceding the curent locations when compres- 
sion of the waveform data is to be executed, 
and designates a same part of the wavefvm 
data at cun-ent locations as first and second 
part of the waveform data when neither stretch 
nor compression is to be executed: 
a readout section ttiat reads out from said 
wavefonn niemory said fM and second part of 
the waveform data designated by said control 
unit at a rate corresponding to the pitch desig- 
nated by said pitch designating section; and 
a cross-fade synthesis section that executes 
cross-fade synthesis such that a transfer 
occurs from said first part of the waveform data 
to said second part of the waveform data. 

27. A wavefam data cross-fading method conprising: 

a step of generating a plurality of cycles of fvst 
wavefam data; 

a step of, at predetamined timing, starting 
generation of second wavefonn data that has a 
same phase as said fvst wavefam data gener- 
ated at said predetermined timing: 
a step of generating a frst coefficient decreas- 
ing from an initial value of one to a final value of 
zero ever a predeterminjad perfod and simulta- 
neously generating a second coefftctent 
inaeastng from an initial value of zero to afinal 
value of on^ over said predetermined period; 
and 

a step of oontroWng a length of said predeta- 
mined period to confonn to a one<ycle length 
of said second waveform data. 

2a A wavefam reproducing device conrprising: 

a mveform memory having staed thaein 
55 wavefam data of a plurality of waveform pa- 

tions: 

a tone-generation instructing section that 
instnjcts generation of a tone and designates a 
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pitch of the tone: 

a section that generates control data to control 
an advance of readout locations of the wave- 
fbrm portons; 

an address gsneratfng section that generates J 
read addresses advancing at a rate corre- 
sponding to. the pitch designated by said tone- 
generation instructing section: 
a readout section that reads out the waveform 
data of the waveform portions from said wave- w 
form menrxiry on the basis of the read 
addresses; 

a control unit that makes a comparison 
between an advarKe of the readout locations 
designated on the basis of the control data and is 
an advance of locations of the read addresses 
generated by said address generating section 
and selects, on the basis of a result of the cont- 
parison. addresses of a specific one of the 
waveform portions to be next read out, so as to 20 
perform control such that said address gener- 
ating section starts generating the selected 
addresses of the specific waveform portion at a 
point where a phase of the waveform data read 
out on the basis of the read addresses coin- 2s 
cides with a phase of the waveform data desig- 
nated by the selected addressee: and 
a section that reproduces a waveform on the 
basis of the waveform data read out by said 
readout section. $0 

29. A waveform reproducing device comprising: 

a waveform memory having stored therein 
waveform data of a plurality of waveform por- 35 
tions; 

a tone-generation instructing section that 
instructs generation of a tone and designates a 
pitch of the tone; 

a section that generates tin)e-varying control 4o 
data to control an advance of readout locations 
of the waveform portions; 
an address generating section that generates 
read addressee advancing at a rate oorr^ 
spending to the pitch designated by said tone- 45 
generation instructing sedfon; 
a readout section that reads out the waveform 
data ol the waveform portions from said wave- 
form memory on the basis of the read 
addressee; so 
a control unit that for each predetermined 
reproduction period, makae a comparison 
between an advance of virtual waveform por- 
tion locations designated on the basis of the 
control data and an advance of waveform por- 55 
tion locations designated by the read 
addresses generated by said address generat- 
ing section and selects, on the basis of a result 



of ttie comparison, a specific one of the wave- 
form portions to be next reed out. so as to per- 
form control such that said address generating 
section starts generating addresses of the spe- 
cific waveform portion in a next reproduction 
period; and . 

a section that reproduces a waveform on tiie 
basis of the waveform data read out by said 
readout section. 

30. A waveform reproducing device as recited in daim 
28 or 29 wherein one of ttie waveform portions 
selected at one time and anolher of the waveform 
portions selected next time are interconnected by 
cross-fode. 

31. A method of reproducing a waveform using a wave- 
form memory having staed therein waveform data 
d a plurality of waveform portions, said method 
comprising: 

a tone-generation instructing step of instructing 
generation of a tone and designating a pitch of 
the tone; 

a step of generating control data to control an 
advance of readout locations of the waveform 
portions; 

an address generating step of generating read 
addresses advancing at a rate corespondtng 
to the pitch designated by said tone-generation 
instructing step; 

a readout step of reading out the waveform 
data of the waveform portions from said wave- 
form memory on the basia of the read 
addre ss es; 

a control Mp of making a comparison between 
an advance of tiie readout locations desig- 
nated on the basis of the control data and an 
advance of locations of the read addresses 
generated by sM address generating step and 
selects, on the basis of a result of the compari- 
son, addresses of a speoTic one of the wave- 
fbrm portions to be next read out so as to 
perform control such that said address gener- 
ating step starts generating the selected 
address of the specifk: wavefonn portion at a 
point where a phase of tiie waveform data read 
out on the basis of the read addresses coin- 
ddee with a phase of the waveform data desig- 
nated by the selected addresses; and 
a step of reproducing a waveform on ttie basis 
of the waveform data read out by said readout 
stepL 

32. A machine-readable reoon^ng mecfium containing 
a groip of instructions of a program to be executed 
by a conrputer for reproducing a waveform using a 
waveform memory having stored therein waveform 



53 



105 



EP0 856 830A1 



106 



data of a pturaihy of waveform portions, said 
medium comprising: 

tone-generation instructing means for instruct- 
ing generation of a tone and designating a pitch 5 
of the tone; 

means for generating control data to control an 
advance of readout locations of the wavefonm 
portions; 

address generating means for generating read io 
addresses advancing at a rate con-esponding 
to the pitch designated by said tone-generation 
instructing means: 

readout means tor reading out the waveform 
data of the waveform portions from said wave- is 
torm memory on the basis of the read 
addresses: 

control means for maMng a comparison 
between an advance of the readout locations 
designated on the basts of the control data and 20 
an advance of locations of the read addresses 
generated by said address generating means 
and selects, on the basis of a result of the oonrv 
parison. addresses of a specific one of the 
waveform portions to be next read out so as to 25 
perform control such that said address gener- 
ating means starts generating the selected 
addresses of the spedftc waveform portion at a 
point where a phase of the waveform data read 
out on the basis of the read addresses coa> 30 
cides with a phase of the waveform data desig- 
nated by the selected addresses: and 
means for reproducing a wavefonti on the 
basis of the waveform data read out by said 
readout means. 35 

33. A metiiod of reproducing a waveform using a wave- 
form memory having stored therein wavefomi data 
of a pluairty of waveform portions, said method 
comprising: 40 

a tone-generation instructing step of hstructing 
generation of a tone and designating a pitch of 
the tone; 

a ^ep of generating time-varying control data 46 
to control an advance of readout focations of 
the wavefonm pontons; 

an address generating step of generating read 
addressee advancing at a rate corresponding 
to the pitch designated by said tone-generation 50 
instructing step; 

a readout step of readvig out the waveform 
data of the wavefonm portions firom said wave- 
form memory on the basis of the read 
addresses; 55 
a control step of. for each predetermined repro- 
ductfon period, making a comparison between 
an advance of virtual waveform portion loca- 



tions designated on the basis of the control 
data and an advance of waveform portion loca- 
tions designated by the read addresses gener- 
ated by said address generating step and 
selects, on the basis of a result of the compari- 
son, a specific one of the waveform portions to 
be next read out so as to perform control such 
that said address generating step starts gener- 
ating addresses of the spedfic waveform por- 
tion in a next reproduction period; and 
a step of reprodudng a waveform on the basis 
of the wavefonm data read out by said readout 
step 

A machine-readable recording n^edium containing 
a group of Instructions of a program to be executed 
by a computer for reproducing a wavefomi using a 
waveform menwy having stored therein waveform 
data of a plurality of waveform portions, said 
medium comprising: 

tone-generation instructing means for Instruct- 
ing generation of a tone and designating a pitch 
of the tone: 

means for generating time-varying control data 
to control an advance of readout locations of 
the wavvftm portions; 

address generating means for generating read 
addresses advancing at a rate con-esponcfing 
to the pitch desi^^ed by said tone^eneration 
instructing means; 

readout means for reading out the waveform 
data of the waveform portions from said wave- 
fom memory on the basis of the read 

control means for, each predetermined repro- 
duction period, maidng a comparison between 
an advance of virtual waveform portion loca- 
tions designated on the basts of the control 
data and an advance of wavefonm portion loca- 
tions designated by the read addresses gener- 
ated by said address generating means and 
selects, on the basis of a result of the conpari- 
son. a specific one of the waveform portions to 
be next read out 80 as to peribmn control such 
that said address generating means starts gen- 
erating addresses of the specific waveform por- 
tion in a nextreproductton period; and 
means for reproducing a waveform on the 
basis of the waveform data read out by said 
readout meana 
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